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1(54,11*: MONOMERS AND COMPOSITION WHICH CAN BE CROSSLINXED AND CTOSSUNKED POLYMERS 
U>B«*ta»»|: VERNETZBARE MONOMERE UND ZUSAMMENSETZUNC SOW* VERNETZTE POLYMERE 



I (57) Abstract ^ 

, The invemioa concerns compound, of foronjU (I) (A VB to ^J^^SSSSSS S£ IS'iS^SLc,*' 
or » n-v^t bridging group. »d « i» « i^ger from 2 to . l«* ^.^^^^Z^ «»lym 
I acid ncrtomene m«hy!e*er. The compounds of fonnuU (1) cm be polymeria* mn nn|« ^ 
polymerization). 

^ " « rwinflliftns bedeuteL B fbr cine direkse Bindung Oder 

eine n-wenige BrCckengiuppe stehr, und n eme W™*J*™J **» JSen mit EmtempcnCTica-SCattlyMtcmi pdymemwi 
Ncrton*nc^bon»au«HXxbcfTKnniethy Die Verbmdungen der Fcrmd 0) M"»en m i*. 
wenfcn (ringoffhendc MeathoepolymeniatiCM). 
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Monomers and composition w hich can be crosslinked and crosslinked QOJvmOT 

The present invention relates to compounds having at least two strained cydoolefins bonded 
directly or via a bridging group; compositions composing these compounds and a one- 
component catalyst for thermally induced and/or radiation-induced metathesis 
polymerization; a polymerization process, crosslinked polymers from the compounds 
mentioned and. if appropriate, other olefins and/or cydoolefins suitable for metathesis 
polymerization; carrier materials coated with these crosslinked polymers; and a 
polymerization process. 

WO 93/13171 describes air- and water-stable one-component and two-component catalysts 
based on molybdenum compounds and tungsten compounds containing carbcnyl groups 
and ruthenium compounds and osmium compounds with at least one polyene ligand for the 
thermal metathesis polymerization and a photoactivated metathesis polymerization of 
strained cydoolefins, in particular norbomene and norbornene derivatives. No other 
polycyclic - above all non-fused polycydic cydoolefins are mentioned. The one-ccrnponent 
catalysts of the ruthenium compounds used, that is to say [(C^HdRutCHjCNfeCn/PFs 
[Ru(cumene)Cl2]2. can indeed be activated by UV irradiation; however, the storage stability 
of the compositions with norbomene are [sic] completely inadequate. These catalysts are 
capable of replacing the known two-component catalysts only inadequately. 

Demonceau et al. IDemonceau. A.. Noels A.F., Saive. E., Hubert. AJ . J. Mai. Catal. 
76:123-132(1992)} describe (CeHsJ&PRuCIa (sic], (p-cumeneJRuCy^CeH,,^ and 
(CeHsJafcPRuHCI [sic] as thermal catalysts for ring-opening metathesis polymerization of 
norbomene. a fused polycycloolefin. These catalysts have not found acceptance in industrial 
preparation because their activity is too low. It is therefore proposed to increase the activity 
by the addition of diazo esters. It is also mentioned that only (p-cumene)RuCI 2 P(CeH„)3 is 
capable of polymerizing norbomene in a relatively short time at 60X. Cydooctene is als 
mentioned as a further monomer. No other cydoolefins for methatesis [sic] polym rization 
are mentioned. 

Petasis and Fu [Petasis. N.A.. Fu. D.. J. Am. Chem. Soc. 115:7208-7214 (1993)] describe 
thermal ring-opening m tathesis polymerization of norbornene using biscydopentadienyl- 
bis<trimethylsilyl)methyl-titanium(IV) as a thermally active catalyst. No other cydoolefins for 



EP 287.762 describes crosslinked copolymers of a mixture of 1 ^bisnorbornenyl-ethane of 
the formula 

and a compound of the fromula [sic] 

i 

CHjCHj-CH-CHa 



which are prepared using catalyst systems for thermal metathesis polymerization comprising 
a catalyst and an activator. A disadvantage of these systems is the need to separate the 
catalyst and activator, so that no storage-stable polymerfaable compositions can be 
provided. The catalyst and activator can be combined only directry before the 
polymerization, highly reactive compositions which rapidly get with evolution of heat being 
formed. The production of shaped articles is therefore limited to certain processes, such as. 
for example, the RIM process. The resulting crosslinked polymers have high softening 
temperatures. No coated materials are mentioned. 

It has now been found that compositions of compounds comprising at least two strained 
cydoolefins bonded directly or via a bridge group and a ore-component catalyst are 
storage-stable and have an outstanding processability. even in the presence of oxygen and 
moisture, depending on the choice of catalyst. These compositions can be processed by 
means of the most diverse shaping processes to give crosslinked metathesis polymers 
without special safety precautions. The polymers have high crosslinking densities and 
outstanding mechanical and electrical properties as well as surface properties, for example 
low € values and tan 6 values, and a very low absorption of water. The monomers used are 
outstanding film-forming agents and the polymer films have outstanding properties. It has 
furthermore been found that coatings in the form of crosslinked polymers which have 
exceptionally high adhesive strengths even on smooth metal surfaces are obtained with the 
compositions. Th storage stability nabl s the us as coatings, paints, photoresists and 
adhesives and the production of all types of shaped articles. The preparation of rubber*. 
or thermoplastic polymers which can be crosslinked further is also possible. 



The invention relates to compounds of the formula 



<A)„-B 



(I). 



in which A is the radical of a strained cydoolefin. B is a direct bond or an n-valent bridging 
group and n is an integer from 2 to 8. with the exception of 1.2-bisnorbomenyl-ethane and 
norbomenecarboxylic acid norbomenemethyl ester 



The cyclic olefins can be monocyclic or polycydic fused and/or bridged ring systems, for 
example with two to four rings, which are unsubstituted or substituted and can contain 
heteroatoms, such as. for example. O. S. N or Si. in one or more rings and/or fused alicydic 
aromatic or hetaroaromatic rings, such as, for example, o-cyclopantylene. o-phenytene, 
o-naphthylene. o-pyridinyiene or o-pyrimidinylene. The individual cydic rings can contain 3 
to 16. preferably 3 to 12. and particularly preferably 3 to 8 ring members. The cyclic olefins 
can contain other non-aromatic double bonds, preferably 2 to 4 such additional double 
bonds, depending on the ring size. The ring substituents are those which are inert. i.e. which 
do not impair the chemical stability of the one-component catalysts. 

Fused-on alicydic rings preferably contain 3 to 8. particularly preferably 4 to 7, and 
especially preferably 5 or 6 ring C atoms. 

In a preferred embodiment, the radicals a in formula I correspond to cydoolefin radicals of 
the formula II 



in which 

is a radical having at least one carbon atom which, together with the -CH=CQ 2 group, 
forms an at least 3-membered alicydic ring which optionally contains one or more 
heteroatoms chosen from the group consisting of silicon, phosphorus, oxygen, nitrogen 
and sulfur, and which is unsubstituted or substituted by halogen, =0. -CN. -NO* 
R^jRaSKO),,-. -COOM. -S0 3 M. -P0 3 M. -COO(M,),/2. -SO^M,),*. -P0 3 (M,) 1/2 .Cr 
C 20 alkyl. CrCtthydroxyalkyl. d-Cwhaloalkyl. Cj-Cecyanoalkyl. C 3 -C 8 cydoalkyl. CV 
C 16 aryl. CrCearallcyl. CrCeheterocycloalkyl. Cr C 16 heteroaryl. C 4 -C 18 heteroaralkyl or R4- 
X-; or in which tw adjacent C atoms are substituted by -CO-O-CO- or -CO-NR 5 -CO-; or 
in which an aromatic or heteroaromatic ring and/or further alicydic rings which is [sic] 
unsubstituted or substituted by halogen. -CN. -N0 3 . FVWHO),,-. -COOM. -SO a M. 




Ct-Cjohydroxyalkyl, C-Cacyanoalkyl. CrCaCydoalkyl. C«-Ci 6 aiyl. CrCi 6 aralkyl. 

Cj-Caheterocydoalkyl. C 3 -Ci 6 h«teroaryl. C 4 -C 18 heteroaraIkyl or R ir X r are optionally 

fused onto adjacent carbon atoms of the alicydic ring; 
X and X, independently of one another are -O-.-S-. -CO-. -SO-. -SOr. -0-C(0)-. -C(0)-0-. 

•C(0)-NfV. -NR 1<r C<0)-. -SOrO- or -0-SO r : 
Ri. R 2 and R 3 independently of one another are C,-C 12 alkyl, d-Cuperfluoroalkyl. phenyl or 

benzyl; 

R4 and Ri 3 independently are C-Cjoalkyl. C-Cajhaloalkyl. Cj-C^ydroxyalkyl, 

C 3 -C 8 cycloalkyl. C«-C 18 aryl or C r C, 8 aralkyl; 
R 9 and R, 0 independently of one another are hydrogen. Ct-C^lkyl. phenyl or benzyl, where 

the alkyl groups in turn are unsubstituted or substituted by C,-C 12 alkoxy or 

Cs-Cacycloalkyt; 

Re. R 7 and R» independently of one another are C,-C 12 alkyl, CrCuparfluoroalkyl. phenyl or 
benzyl; 

M is an alkali metal and M, is an alkafine earth metal; and 
uisOorl; 

where the alicydic ring formed with Q t optionally contains further non-aromatic double 
bonds; 

Q 2 is hydrogen. C-Cjoalkyl. Ci-C»haloaBtyl. C,-C l2 alkoxy, halogen, -CN orR„-X 2 ; 
R11 is d-Cwalkyl. C,-C2ohaloalkyl. d-Cwhydroxyalkyl. CrCecydoalkyl. CarC ie aryl or 

C r C 18 aralkyl. 
X 2 is -C(0)-0- or -C(0)-NR, r ; 
R 12 is hydrogen. Ci-C^kyt. phenyl or benzyl; 

where the abovementioned cydoalkyl. heterocydoalkyl, aryl, heteroaryl. aralkyl and 
heteroaralkyl groups are unsubstituted or substituted by C,-C 12 alkyl. C,-C,2alkoxy. -NO* 
-CN or halogen, and where the heteroatoms of the abovementioned heterocydoalkyl. 
heteroaryl and heteroaralkyl groups are chosen from the group consisting of -O-. -S-. -NR*- 
and -N=; and 

R 9 is hydrogen, C r C 12 alkyl, phenyl or benzyl. 

The position of the double bond in the ring of the formula II in relation to the free bond 
essentially depends on the ring size and the preparation method for the compounds of the 
formula I. 

if an asymmetric centre is present in the compounds of the formula II. the compounds can 
occur in optically isomeric forms as a result. Some compounds of the formula II can occur in 



tautomeric forms (for example keto-enol tautomerism). If an aliphatic C=C double bond is 
present, geometric isomerism (E form or 2 form) can also occur. Exo-endo configurations 
are furthermore also possible. Formula H thus includes all the possible stereoisomers which 
are present in the form of enantiomers. tautomers. diastereomers. E/Z isomers or mixtures 
thereof. 

In the definitions of the substituents. the alkyi. alkenyl and alkynyl groups can be straight- 
chain or branched The same also applies to the alkyl moiety or each alkyi moiety of alkoxy. 
alkyithio. alkoxycarbonyl and further alkyl-containing groups. These alkyl groups preferably 
contain 1 to 12. more preferably 1 to 8. and particularly preferably 1 to 4 C atoms. These 
alkenyl and alkynyl groups preferably contain 2 to 12. more preferably 2 to 8. and particularly 
preferably 2 to 4 C atoms. 

Alkyl includes, for example, methyl, ethyl, isopropyl. n-propyl. n-butyt. iso-butyl. sec-butyl, 
tert-butyl and the various isomeric pentyl. hexyl. heptyl. octyl. nonyl. decyl. undecyl. dodecyi. 
tridecyl. tetradecyl. pentadecyl. hexadecyl. heptadecyl. octadecyl. nonadecyl and eicosyl 
radicate. 

Hydroxyalkyl includes, for example, hydroxymethyl. hydroxyethyl. 1-hydroxyisopropyl. 
1-hydroxy-n-prcpyl, 2-hydroxy-rvbutyi. 1-hydroxy-iso-butyl. 1-hydroxy-sec-butyl. 1-hydroxy- 
tert-butyl and the various isomeric pentyl. hexyl. heptyl. octyl. nonyl. decyl. undecyl. dcdecyl. 
tridecyl. tetradecyl. pentadecyl. hexadecyl. heptadecyl. octadecyl. nonadecyl and eicosyl 
radicals. 

Haloalkyl includes, for example, fluoromethyl. difluoromethyl. trifluoromethyl. chloromethyl. 
dichloromethyl. trichloromethyl. 2.2.2-trifluoroethyl. 2-fluorcethyl. 2-chloroethyl. 2.2.2- 
trichloroethyl and halogenated. in particular fluorinated or chlorinated, alkanes. such as. for 
example, the isopropyl. n-propyl. n-butyl. iso-butyl. sec-butyl and tert-butyl and the various 
isomeric pentyl. hexyl. heptyl. octyl. nonyl. decyl. undecyl. dodecyi. tridecyl. tetradecyl. 
pentadecyl. hexadecyl. heptadecyl. octadecyl. nonadecyl and eicosyl radicals. 

Alkenyl includes, for example, propenyl. isopropenyl. 2-butenyl. 3-butenyl. isobutenyl. 
n-penta-2.4-dienyl. 3-m thyl-but-2-enyl. n-oct-2-enyl. n-dodec-2-enyl. iso-dcdecenyl. 
n-octadec-2-enyl and n-octadec-4-enyl. 



Cycloalkyl is preferably C $ -C 8 cycloalkyl. in particular C 5 - or C 6 cycloalkyl. Some examples are 
cyclopropyl. dimethylcyclopropyl. cyclobutyl. cyclopentyl, methylcyclopentyl. cydohexyl, 
cycloheptyl and cyclooctyl. 

Cyanoalkyl Includes, for example, cyanomethyl (methylnitrile). cyanoethyl (ethylnitrile), 
1-cyanoisopropyl. 1-cyano-n-propyl. 2-cyano-n-butyl. 1-cyano-iso-butyt, 1-cyanc-sec-butyl, 
1-cyano-tert-butyl and the various isomeric cyanopentyl and -hexyl radicals. 

Aralkyl preferably contains 7 to 12 C atoms, and particularly preferably 7 to 10 C atoms. It 
can be. for example, benzyl, phenethyl. 3-phenytpropyl. a-methylbenzyl. phenbutyl or 
a.a-dimethylbenzyl. 

Aryl preferably contains 6 to 10 C atoms. It can be. for example, phenyl, pentalin. indene. 
naphthalene, azulene or anthracene. 

Heteroaryl preferably contains 4 or 5 C atoms and one or two heteroatoms from the group 
consisting of O. S and N. It can be. for example, pyrrole, furan. thiophene. oxazole. thtazole. 
pyridine, pyrazine. pyrimidlne. pyridazine. indole, purine or quinoline. 

Heterocycloalkyl preferably contains 4 or 5 C atoms and one or two heteroatoms from the 
group consisting of O. S and N. It can be. for example, oxirane. azirine. 1.2-oxathiolane. 
pyrazoline. pyrrolidine, piperidine. piperazine. morpholine. tetrahydrofuran or 
tetrahydrothiophene. 

Alkoxy is. for example, methoxy. ethoxy. propyloxy. i-propyloxy. n-butyloxy. i-butyioxy. sec- 
butyloxy or t-butyloxy. 

Alkali metal in the context of the present invention is to be understood as meaning IHhium. 
sodium, potassium, rubidium and caesium, in particular lithium, sodium and potassium. 

Alkaline earth metal in the context of the present invention is to be understood as meaning 
beryllium, magnesium, calcium, strontium and barium, in particular magnesium and calcium. 



In the above definition, halogen is to be understood as meaning fluorine, chlorine, 
and iodine, preferably fluorine, chlorine and bromine. 



In the radicals of the formula II. Q 2 is preferably hydrogen. 



Compounds with radicals of the formula II which are furthermore preferred are those in 
which the alicyclic ring which Q, forms together with the -CHsCQ r group has 3 to 167 more 
preferably 3 to 12. and particularly preferably 3 to 8 ring atoms, where the fused ring system 
can be monocyclic, bicyclic. tricyclic or tetracyclic. 

The process accoraing to the invention can be carried out particularly advantageously with 
those compounds with radicals of the formula II in which 

Q, is a radical with at least one carbon atom which, together with the -CH=CQ r group, 
forms a 3- to 20-membered alicyclic ring which optionally contains one or mora 
heteroatoms chosen from the group consisting of silicon, oxygen, nitrogen and sulfur; and 
which is unsubstjtuted or substituted by halogen. =0. -CN. -NQa. .fMfcfaSHQfcr. - 
COOM. -SO3M. -PCfeM. -COOCM,),* -S03(M,) in . -P0 3 (M,) ia . C,-C ia 3Ncyl. C r 
C 12 haloalkyl. C-Cahydroxyalkyl. C-C^anoaBcyl. CrCecydoalkyl. (VCtaaryl. C r 
C 12 aralkyl. Ca-Caheterocydoalkyl. CrCiaheteroaryl. C 4 -Ci 2 heteroaralkyl or R«-X-; or in 
which two adjacent C atoms in this radical Qi are substituted by -CO-O-CO- or -CO-NR5- 
CO-: or in which an aromatic or heteroaromatic ring and/or further alicyclic rings which ara 
unsubstituted or substituted by halogen. «CN. -NO*. ReRrRtSi-. -COOM. -SO3M. -PO3M. 
-COOMJi*. -SOatMOw. -PO^MOia. C,-C 12 alkyl. C,-C ta haloalkyl. C-C^ydrosyalkyl. 
C,-C 4 cyanoalkyl. CrCaCydoalkyl. QrC 12 aryl. CrC 12 aralkyl. Cj-CeheterocydoaUcyl. 
CrCtjheteroaryl. C^taheteroaralkyl or R 13 -Xr are optionally fused onto adjacent carter 
atoms; 

X and X, independently of one another are -0-. -S-. -CO-. -SO-. -SOr. -0-C<Oh -C<0)-0-. 

-C<0)-NR 5 -. -NR 1(r C(0)-. -SOrO- or -O-SOri and 
R,. R 2 and R 3 independently of one another are C,-C 6 alkyl. Ci-C 8 perfluoroalkyl. phenyl or 

benzyl; 

M is an alkali metal and M, is an alkaline earth metal: 

R4 and R 13 independently of one another are ^-C^aWcyl. Ci-C, 2 haloalkyl. 

C,-C 12 hydroxyalkyl. C r C,cydoalkyl. C-C 12 aryl or C r C, 2 aralkyl; 
R 3 ar.j R 10 independently of one another are hydrogen. d-C^lky!. phenyl or benryl. 
where the alkyl groups in turn are unsubstituted or substituted by C,-C 6 alkoxy or 

C 3 -C 6 cycloalkyl; 

Re. R 7 and R a independently of one another are Chalky!. C,-C 6 perfluoroalkyl. phenyl or 

benzyl; 



where the alicyclic ring formed with Q t optionally contains further non-aromatic double 
bonds: 

Q 2 is hydrogen. Ci-C 12 alkyl. Ct-C 12 haloalkyl. C-Cealkoxy. hatogen. -CN or R, r X r ; 
R„ is C,-C 12 alkyl. C,-C, 2 haloalkyl. C r C, 2 hydroxyalky;. Ca-Cecydoalkyl. C6-C 12 aryl or 
C 7 -C 12 aralkyl; 

X 2 is -C(0)-0- or -C(0)-NR 12 : and 

R, 2 is hydrogen. C,-Cealkyl. phenyl or benzyl: 

and where the cydoalkyl. heterecycloalkyl. aryl. heteroaryl. aralkyl and hetaroaralkyt groups 
are unsubstituted or substituted by C t -C«a«cyl. d-Cealkoxy, -NOa. -CN or halogen, and 
where the heteroatoms of the heterocytioalkyl. heteroaryl and heteroaralkyl groups are 
chosen from the group consisting of -O-. -S-. -NR9- and -N=; and R9 is hydrogen. C,-C«alKyl. 
phenyl or benzyl. 

Preferred compounds with a radical of the formula II from this group are those in which 
q, is a radical with at least one carbon atom which, together with the -CH=CQr- flroup. 
forms a 3- to 10-membered alicyclic ring which optionally contains a heteroatom chosen 
from the group consisting of silicon, oxygen, nitrogen and sulfur and is unsubstituted or 
substituted by halogen. -CN, -NO*. R,R 2 R3Sh -COOM. -S0 3 M. -PO3M. -COOM),*. 
-SOaflWt),*. -P0 3 <M,) t «, C,-C«alkyl. C,-Cehatoalkyl. Ct-Cehydroxyalkyl. C^cyanoakyl. 
Ca-Cecycloalkyl. phenyl, benzyl or R.-X-; or in which an aromatic or heteroaromatk: ring 
which is unsubstituted or substituted by halogen. -CN. -NO2. RsRyReSh -COOM. -SOjM. 
-POaM. -COOtM,) w . -SC^M,),*. -PQj(MiKa. Crd*^. C,-C«haloafeyt. d- 
C 6 hydroxyalkyl. C,-C 4 cyanoalkyl. C^cycloalkyl. phenyl, benzyl or R ir X,- is optionally 
fused onto adjacent carbon atoms: 
P,. R 2 and R 3 independently of one another are C,-C«alkyl. d-dperftuoroalkyl. phenyl or 

benzyl; 

M is an alkali metal and M, is an alkaline earth metal: 

and R,j independently of one another are C,-C 6 alkyl. C-Cehaloalky!. C-Cehydroxyalkyl 

or C 3 -C 6 cydoalkyl; 
X and X, independently of one another are -O-. -S-. -CO-. -SO- or -SO r ; 
Re. R 7 and R 8 independently of one another are C,-C 4 alkyl. C,-C 4 perfluoroalkyl. phenyl or 

benzyl: and 
Q 2 is hydrogen. 



The cycloolefin radical of the formula II is particularly preferably unsubstituted or substitute 
cydopropenyl. cyclobutenyl. cydopentsnyl. cycloheptenyl. cydooctenyl. cydopentadienyl. 



cyclohexadienyl. cycloheptadienyh cyclooctadienyl and norbomenyl or norbomenyl 
derivatives, such as. for example. 7-oxa-2.2.2-cycloheptene. and the corresponding benzo 
derivatives Substrtuents are preferably C t -C 4 alkyl and CfC 4 alkoxy. 

Particularly suitable radicals of the formula II are norbomenyl and norbomenyl derivatives. 
Particularly preferred compounds from these norbomenyl derivatives are those which 
correspond either to the formula III 




in which 

X 3 is -CHR, 6 -. oxygen or sulfur 

R 14 and R 15 independently of one another are hydrogen, -CN. trifluoromethyl, <CH 3 ) 3 Si-0-. 
(CH 3 ) 3 Si- or -COORn; and 

R,a and R 17 independently of one another are hydrogen. C,-C 12 -alkyl. phenyl or benzyl: 
or to the formula IV 




(IV), 



in which 

X4 is -CHR 19 -. oxygen or sulfur. 

R 19 is hydrogen. C,-C 12 alkyl. phenyl or benzyl; and 

Rta is hydrogen. CrC 6 aIkyl or halogen. 



.10- 



The cycloolefin radical of the formula II is particularly preferably norbomenyl of the formula 




In formula I. n is preferably an integer from 2 to 6. particularly preferably 2 to 4. and 
especially preferably 2 or 3. 

In formula I. B is preferably an n-vaient bridging group. 

Possible divalent bridging groups are. for example, those of the formula V 

-Xs-Rw-Xr (V). 

in which 

X s and X« independently of one another are a direct bond. -O-. -CHyO-. -C(0)0-. 

-O(0)C-. -CHrO(0)C-. -C(0)-NR ar . -R 21 N(0)C-. -NH-C<0)-NR 21 -. -O-C(0)-NH-. 

-CH 2 -O-C(0)-NH- or -NH-C(0)-O- and 
R 20 is C 2 -C ia alkylene. Cs-Cgcycioalkylene which is unsubstituted or substituted by C,-C«alkyi 

or Ci-C 4 alkoxy. C,-C 18 arytene or C r C 19 aralkylene which are unsubstituted or substituted 

by C,-C 4 alkyl or C,-C 4 alkoxy. or polyoxaalkylene having 2 to 12 oxaalkytene units and 2 

to 6 C atoms in the alkylene. and 
R 21 is H or Ci-Cealkyl. 

Alkylene R x preferably contains 2 to 12. and particularly preferably 2 to 8 C atoms. The 
alkylene can be linear or branched. Preferred cyctoalkylene is cyclopentylene. and in 
particular cydohexylene. Some examples of arylene are phenylene. naphthylene. 
biphenylene. biphenylene ether and anthracenylene. An example of aratkytene is benzytene. 
The polyoxaalkylene preferably contains 2 to 6. and particularly preferably 2 to 4 units, and 
preferably 2 or 3 C atoms in the alkylene. 

In a preferred embodiment, in formula V 

a) X 5 and X« are a direct bond and R 20 is C 2 -C 18 alkylene. preferably C r C 12 alkylene. r 

b) X 5 and X« are -O-. -CH 2 -0-. -C(0)O. -0(0)C-. -CH : -0(0)C.. -C(0)-NR 2r . -0-C(0)-NH- 
or -CH 2 -0-C(0)-NH-. and R w is C 2 -C, 2 alkylene. phenylene. naphthylene or benzylene which 



- 11 - 



are unsubstituted or substituted by C,-C 4 alkyl or Ci-C 4 alkoxy. or -R 22 -tO-R 2 rVOR 22 -. m 
which x is a number from 2 to 4. and R 22 is -C 2 -C 4 alkytene 

Some examples of compounds of the formula I with a divalent bndgmg group are 



-12- 



^^^l^^^ ^ki a «M • A* i MJ _ ^•^"V^ OX 



CHjCHjCHaCHjCHjCH, 




^^^-CHjCH^CHaCHjCHjCH^ (5) ' 



^^C^HjCHaCHj ^^jj (9), 

I 1 — CHsCHjCHjCH, . 



-13- 



^£^>- C(0)NHCH J CHjCH 2 CH 2 NH(0)C -7^^ ^ 

^^^ctoiocHiCHaCHjC^ 03X 




CHaC^c^vvctWjC' ^ 05)1 



(16X 



CHjOC^O^NH (X-CHs i (m 



The compounds of the formula I with a bridging group of the formula V which is a pure 
hydrocarbon bridg are obtainabl . for exampl . by means of Diels-Alder reaction of a cydic 
diene with a linear or branched aliphatic diene (see also 

EP-A-0 287.762). substance mixtures which are either further used directly or separated 
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beforehand by means of customary methods often being formed. Compounds of the formula 
I with a bridging group of the formula V in which Xs and X$ are not a direct bond are 
obtainable from the corresponding haiic-js or dihalides; alcohols or diols, amines or 
diamines, carboxylic acids or dicarboxylic acids or isoeyanates or diisocyanates in a manner 
known per se by etherification. esterification or amidation reactions. 

Possible trivalent bridging groups are, for example, those of the formula VI 
i« (VI). 

in which 

Xs. X« and X 7 are -O-, -CHrCs -0(0)0-. -0(0)0, -CHrO(0)C-. -C(0)-NRar. -RatN-(0)C-. 
-NH-C(0)-NRai-. -OC(0)-NH-. -CHrO-C(0)-NH- or -NH-C{0)-0-, and 
Rj 3 is a trivalent aliphatic hydrocarbon radical having 3 to 20. preferably 3 to 12. C atoms, a 
trivalent cydoafiphatic radical which has 3 to 8. preferably 5 or 6. ring C atoms and is 
unsubstituted or substituted by C 1 -C 4 alkyl or C,-C 4 alkoxy. or a trivalent aromatic radical 
which has 6 to 18. preferably 6 to 12. C atoms and is unsubstituted or substituted by 
C,-C 4 alkyl or C,-C 4 aikoxy, a trivalent araKphatic radical which has 7 to 19. preferably 7 to 12. 
C atoms and is unsubstituted or substituted by C,-C 4 alkyl or C,-C 4 alkoxy, or a trivalent 
heteroaromatic radical which has 3 to 13 C atoms and 1 to three heteroatoms from the 
group consisting of -0-. -N- and -S- and is unsubstituted or substituted by Ct-C^lkyl or 
C r C 4 alkoxy. and 
R 21 is H or C,-C e alkyl. 

In a preferred embodiment. X 5 . X« and X 7 are -0-. -CH r O-, -C(0)0-. <KO)C-. ^HrO(0)C- 
. -C(0)-NR 2r , -0-C(0)-NH- or -CH r O-C(0)-NH-. 
Preferred radicals R 23 are derived, for example, from triols. such as glycerol, 
trimethylolpropane. butanetriol. pentanetriol. hexanetriol. trihydroxycyclohexane, 
trihydroxybenzen and cyanuric acid; triamines. such as diethylenetriamine: tricarboxylic 
acids, such as cyclohexanetricarboxylic acid or trimellitic acid; and triisocyanates, such as 
benzene triisocyanate or cyanuric triisocyanat . 

Some examples of compounds of the formula I with a trivalent bridging group are 
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i H a C^O)C- 1 ^ 08) 
HjO-CHj-O-tOlC 
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N N Wi 
CH.OHOJC-HNv WOiC^-T^i^ 



HN-(0)C-OH2C 



(21X 




CH 2 0.(0)Cv /OH^-^ 



^ - (22). 



Possible tetravalent bridging groups are. for example, those of the formula VII 
I 

in which 

X5. X«, X 7 and X, are -C(0)0-. -CHrO(0)C- or -C(0)-NR 2 ,- and 

R W is a tetraval nt aliphatic hydrocarbon radical having 4 to 20. pref rably 4 to 12. C atoms, 
a tetravalent cycloaliphatic radical which has 4 to 8. preferably 5 or 6. ring C atoms and « 
unsubstituted or substituted by C-C.alkyl or C t -C 4 alkoxy. or a t travalent aromafc rad.cal 
which has 6 to 18. preferably 6 to 12. C atoms and is unsubstitut d or substituted by 
C,-C 4 alkyl or C,-C 4 alkoxy. a tetravalent araliphatic radical which has 7 to 19. pref rably 7 to 
12 C atoms and is unsubsthuted or substituted by C r C 4 alkyl or Cl -C 4 alkoxy. or a tetravatent 
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heteroaromatic radical which has 3 to 13 C atoms and 1 to three heteroatoms from the 
group consisting of -O-, -N- and -S- and is unsubstituted or substituted by C,-C 4 alkyl or 
C,-C 4 alkoxy. and - 
R 21 is H or C,-C 6 alkyl. 

Some examples of tetrafunctional compounds from which R» can be derived are 
pentaerythritol. pyromellitic acid and ^.y.^-biphenyltetracarboxyfic add. 

The same methods as for the preparation of the abovementioned compounds with a di-or 
trivalent radical can be used as the preparation methods. 

Some examples of compounds of the formula I with a tetravalent bridging group are 

OHO)C 



(HOC- 



c woe v/ 0 * 0 ' 0 *^ 



OA). 



Polyols, such as dipentaerythrrtol or hexahydroxyhexane. which can be reacted with 
corresponding cydoolefinmonocarboxylic acids can be mentioned as an example of 
compounds which are more than tetravalent and from which the bridging group can be 

derived. 

In a particularly preferred embodiment of the invention, the compounds of the formula I 
contain only carbon and hydrog n atoms, since tne polymers of these are ecologically 
valuable inasmuch as they can be recycled by simple pyrolysis processes. 

The compounds of the formula I are suitable as crosslinking agents in the thermally induced 
nr ndiation-induced oolymerization of olefinically unsaturated compounds. The compounds 
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of the formula I. by themselves or together with other monomers capable of metathesis 
polymeri-ation, are outstandingly suitable for the preparation of crosslinked metathesis 
polymers j ting thermal or photochemical one-component catalysts. 

The invention also relates to a composition of 

(a) at least one compound of the formula I 

(A)„-B * 

in which A is the radical of a strained cyclootefin. B is a direct bond or an rvvalent bridging 
group and n is an integer from 2 to 8. and 

(b) a catalytic amount of at toast one one-component catalyst for metathesis polymerization 
which can be activated by heat or radiction. 

with the exception of norbomer*carbc*ylic add norbenenemethyl ester of the formula 



in combination with a catalytic amount of at least one heat-stable mdybdenum(VI) or 
tungsten(VI) compound which certains, bonded to the metal, at least two methyl groups or 
two monosubstituted methyl groups, the substituent containing no hydrogen atom in the o 
position. 

The abovementtoned preferred meanings apply to A. B and n. 

Heat stability in the context of the invention means that the phctcxatalytically active metal 
compounds form no active species for ring opening metathesis polymerization on heatmg. 
For example, the catalyst cannot initiate ring-opening metathesis polymerizabon at rocm 
temperature up to a slightly elevated temperature, such as about *A0'C, within weeks wrth 
exclusion of light. During this period only an insignificant amount of monomer (less than 
0 2 % by weight) is reacted. The heat stability can be determined, for xample. by stonng a 
toluene solution with 20 % by weight of monomer and 0.33 % by weight of metal catalyst at 
50'C for 96 hours in the dark, and any amount of polymer formed, which is evident from the 
rise in viscosity and can be determined quantitatively by precipitation in a predprtant. for 
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example ethanol. filtration and drying, is not mora than 0.5 % by weight and preferably not 
more than 0.2 % by weight 

The compositions according to the invention advantageously comprise the following new 
thermal and/or photochemical one-component catalysts: 

1 . Heat-stable ruthenium or osmium compounds which can be activated oy radiation and 
contain at least one photdabHe ligand bonded to the ruthenium or osmium atom, and whose 
remaining coordination sites are satisfied by non-photolabile ligands. 

Organic or inorganic compounds, atoms or tons which are coordinated onto a metal centre 
are designated as ligands for the ruthenium and osmium compounds to be used according 
to the invention. 

Photolabite ligand in the context of the present invention means that,, when the catalyst is 
irradiated by light in the visible or ultraviolet range of the spectrum, the ligand b dissociated 
from the catalyst and a catatyticaOy active species for the metathesis polymerization is 
formed. Nonionic photolabite ligands are preferred according to the Invention. 

The photolabite ligands can be. for example, nitrogen (N 2 ). monocyclic, pdycydic or fused 
arenes which have 6 to 24. preferably 6 to 18. and particularly preferably 6 to 12 C atoms 
and are unsubstituted or substituted by OH. C,-C 4 alkyl. C,-C 4 alkoxy. CrC«aryl or halogen, 
or monocyclic heteroarenes. fused heteroareries or fused arene-heteroarenes which have 3 
to 22. preferably 4 to 16. and in particular 4 to 10 C atoms and 1 to 3 heteroatoms chosen 
from the group consisting of 0. S and N and are unsubstituted or substituted by Ci-C 4 alkyl. 
Ct-C 4 alkoxy or halogen; or aliphatic, cydoaliphatic. aromatic or araliphatic nitrites which 
have 1 to 22. preferably 1 to 18. particularly preferably 1 to 12. and especially preferably 1 to 
7 C atoms and are unsubstituted or substituted by C,-C 4 alkyi. C,-C 4 all«wy or halogen. The 
preferred substHuents are methyl, ethyl, methoxy. ethoxy. fluorine, chlorine and bromine. 
The arenes and heteroarenes are preferably substituted by one or two radicals and 
particularly preferably are unsubstituted. Preferred heteroarenes are the electron-rich 
heteroarenes. The arenes and heteroarenes can be both *- and o-bonded; in the latter 
case, they are then the corresponding aryl and heteroaryl radicals. Th aryl pref rabJy 
contains 6 to 18. particularly preferably 6 to 12 C atoms. The heteroaryl pr ferably contains 
4 to 16 C atoms. 
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Some examples of arenes and heteroarenes are benzene, p-cumene. biphenyl. 
naphthalene, anthracene, acenaphthene, fluorene, phenanthrene, pyrene. chrysene. 
fluoranthrene. furan. thiophene, pyrrole, pyridine, f-fyran, y-thiopyran. pyrimidine, pyrazine. 
indole, coumarone. thionaphthene, carbazole. dibenzofuran, dibenzothiophene, pyrazote. 
imidazole, benzimidazoie. oxazole. thiazole. isoxazole, isothiazole, quinotine. isoquincfine. 
acridine. chromene. phenazine. phenoxazine. phenothiazine. triazine. thianthrene and 
purine. Preferred arenes and heteroarenes are benzene, naphthalene, thiophene and 
benzothiophene. The arene is especially preferably benzene, and the heteroarene is 
especially preferably thiophene. 

The nitrites can be substituted, for example by methoxy. etnoxy. fluorine or chlorine; the 
nitrites are preferably unsubstituted The alkylnitrites are preferably linear. Some examples cf 
nitrites are acetonitrile, propionitrile. butyronHrile, pentylnitrile, hexylnitrfle. cydopentyl- and 
cydohexylnitrile. benzonitrile. methylbenzonftrile. benzylnitrile and naphthytoHrito. The nitrites 
are preferably linear d-C^alkylnrtrilea or benzonitrile. Of the alkytnrtriles. acetonitrile is 
particularly preferred. 

In a preferred subgroup, the photolabile ligands are N 2 . or benzene, thiophene. benzonitrile 
or acetonitrile which are unsubstituted or substituted by one to three C^alkyl. 

Non-photolabite Pgand (also called highly coordinating Ugand) in the context of the present 
invention means that the ligand does not dissociate, or dissociates to only an insignificant 
xtent. from the catalyst on irradiation of the catalyst in the visible or near ultraviolet range of 
the spectrum. 

The non-photolabile ligands can be. for example, solvating inorganic and organic 
compounds which contain the heteroatoms O. S or N and are often also used as solvents, or 
cyclopentadienyl or indenyl which are unsubstituted or substituted by C-C^alxyl. 
C,-C 4 alkoxy. (C,-C 4 alkyl) 3 Si or (C^alkyOjSiO-. Examples of such compounds are HA 
HaS. NH 3 ; optionally halcgenated. in particular fluorinated or chlorinated, aliphatic or 
cycloaliphatic alcohols or mercaptans having 1 to 18. preferably 1 to 12. and particularly 
preferably 1 to 6 C atoms, aromatic alcohols or thiols having 6 to 18. preferably 6 to 12 C 
atoms, araliphatic alcohols or thiols having 7 to 18. pr ferably 7 to 12 C atoms; aliphatic, 
cycloaliphatic. araliphatic or aromatic ethers, thicethers. sulfoxides, sulfones. ketones, 
aldehydss. carboxylic acid esters. lactones, optionally N-C,-C«mcno- or -dialkytated 
i i: u i tn 5fi nr»terablv 2 to 12. and in particular 2 to 6 C atoms. 
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and optionally N-C,-C 4 alkylated lactams; aliphatic, cydoaliphatic, araiiphatic or aromatic 
primary, secondary and tertiary amines having 1 to 20. preferably 1 to 12. and particularly 
preferably 1 to 6 C atoms; and optionally cydopentadienyls. such as. for example, 
cyclopentadienyl. indenyl and mono- or polymethylated or trimethylsiJylated 
cyclopentadienyls or indenyte. 

Examples of such non-photolabite Uganda are methanol, ethanol. n- and i-propanol, n-. k and 
t-butanol. 1,1,1-trifiuorcethanol, bistrrUuoromethylmethancl. tristrifluoromemytmethanol. 
pentanol. hexanol. methyl- or ethylmercaptaa cydopentanol. cydohexanol. 
cyclonexylmercaptan. phenol, methylphenol, fluorophenol. phenyimercaptan, 
benzylmercaptan. benzyl alcohol, diethyl ether, dimethyl ether, diisopropyl ether, di-n- ordH- 
butyl ether, tetrahydrofuran. tetrahydropyran. dioxane. diethyl thfeether. tetrahydrethiophsne. 
dimethyl sulfoxide, diethyl sulfoxide, tetra- and pentamethytene sulfoxide, dimethyl sutfcne. 
diethyl surfone. tetra- and pentamethylene sulfone. acetone, methyl ethyl ketone, diethyl 
ketone, phenyl methyl ketone, methyl isobutyl ketone, benzyl methyl ketone. acetaMehyde. 
propionaldehyde, trifluoroacetakJehyde. benzaldehyde. ethyl acetate, butyrolactcne. 
dimethylformamide. dimetrrylacetamide. pyrrdidone and r^methylpyirolidone. indenyl. 
cydopentadienyl. methyl- or dimethyl- or pentamethylcydopentadienyl and 
trimethyteilylcydopentadienyl. 

The primary amines can correspond to the formula RajNHj, the secondary amines can 
correspond to the formula RasR»NH and the tertiary amines can correspond to the formula 
R*5R»R 2 »N in which R* is d-Calkyl. Cr or C«cydoalkyl which is unsubetituted or 
substituted by C,-C 4 alkyl or C,-C 4 alkoxy. or (VC^ary! or CrC 12 aralkyl which are 
unsubstituted or substituted by C,-C 4 alkyl or C,-C 4 alkoxy. R» independently has the 
meaning of R 2 a. or R» and R* together are tetramethytene, pentamethylene. 3-oxa-1,5- 
pentylene or -CHrCHrNH-CHj-CHr or -CH r CH 2 .N(C 1 -C 4 alkyl)-CH r CH r . R M and R» 
independently of one another are as defined above [sic] and R 27 independently has the 
meaning of R 23 . The alkyl preferably contains 1 1 12. and particularly preferably 1 to 6 C 
Atoms. Th aryl preferably contains 6 to 12 C atoms and th aralkyl preferably contains 7 to 
9 C atoms. Examples of amines are methyl-, dimethyl-, trimethyl-. thyk diethyl-, triethyl-. 
methyl-ethyl-, dimethyl-ethyl-, n-propyl-. di-n-propyl-. tri-n-butyl-. cydohexyl-. phenyl- and 
benzylamine. and pyrrolidine. N-methylpyrrolidin . piperidine. piperazine. morpholine and N- 
methylmorphoiine. 
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In a preferred subgroup, the non-photolabile ligands are H 2 0. NH 3 and C,-C 4 alkanols which 
are unsubstrtuted or partly or completely fluorinated. H a O. NH 3 . cydopentadienyl. methanol 
and ethanol are especially preferred. 

The ruthenium and osmium compounds to be used according to the invention can be mono- 
or polynuclear, for example those with two or metal centres. The metal atoms here can be 
bonded via a bridging group or metal-metal bonds. Preferred compounds with several metal 
centres are those of the formula VIII 




(vm). 



in which Lig is a photolabile ligand and Me is Ru or Os. A*. A,„ and A 1t are a bivalent 

bridging group, and Y® is a monovalent non-coordinating anion. The bridging group is 
preferably ionic and particularly preferably a halide. especially preferably chloride, bromide 

or iodide. The photdabfle Dgand is preferably identical or different arenes and Y® can be the 
anions listed below, and especially chloride, bromide or iodide. One example of such 
complexes is IC.HsRufClhRuCeHdCJ. 

Preferred catalysts according to the invention correspond to the formula IX 
in which 

Me is ruthenium or osmium; 
nisO. 1.2. 3.4. 5. 6. 7 or 8; 
L, is a photolabile ligand; 

L 2 . L 3 . U. L 3 and L« independently of one anoth r are a non-photolabile or a photolabile 
ligand; 

mis 1.2. 3. 4. 5. or 6; 

o, p. q. r. and s independently of on another are 0. 1. 2. 3. 4 or 5; 

z,. z 2 . z 3 . 2U. 2 S . 2a and z 7 independently of one another are -4. -3. -2. -1. 0. +1 or *2; and 

L 7 is a non-coordinating cation or anion; 
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the sum of m ♦ o ♦ p ♦ q ♦ r + s being an integer from 2 to 6 and t being the quotient of (n ♦ 
m »z, + o»z 2 + p»z 3 + q r • z s ♦ s • ZjVzt 

In the formula IX, L 7 is preferably halogen (for example CI. Br and I), me anion of an oxygen 
acid.8F 4 . PF 8 . SiF»orAsF e . 

The anions of oxygen acids can be. for example, sulfate, phosphate, perchtorate. 
perbromate. periodate. anthnonate. arsenate, nitrate, carbonate, the anion of a d- 
C 8 carboxylic acid, such as. for example, formate, acetate, propionate, butyrate. benzoate, 
phenylacetate or mono-, di- or trichloro- or -fluoroacetate. sulfonates, such as. for example, 
nethylsulfonate. ethylsulfonate. propybulfonate. butyteulfonate. trifluoromethylsulfonale 
(inflate) or phenylsuHbnate or benzylsulfonate which are optionally substituted by C,-C 4 alkyl. 
C,-C 4 alkoxy or halogen, in particular fluorine, chlorine or bromine, such as. for example, 
tosylate. mesylate, brosylate. p-methoxy- or p-ethoxyphenylsulfonate. 
pentafluorophenylsulfonate or 2.4.6-triisopropylsulfonate. and phosphonates. such as. for 
example, methylphosphonate. ethylphosphonate. propylphosphonate. bwylphosphonate. 
phenylphosphonate. p-methylphenylphosphonate or benzylphosphonate. 

In formula IX. Me is preferably ruthenium, in particular Ru'\ 

A group of compounds of the formula IX which is to be singled out in particular is that In 
which the ligands L,. L 2 . L 3 . U L, and L* independently of one another are aliphatic, 
cycloaliphatic. aromatic or araliphatic nitriles which have 1 to 22 C atoms and are 
unsubstituted or substituted by C r C 4 alkyl, C,-C 4 alkoxy or halogen, or C«-C ia aryl; cr L„ L, 
and L 3 together are monocyclic, polycyclic or fused arenes which have 6 to 24. preferably 6 
to 18. and particularly preferably 6 to 12 C atoms and are unsubstituted or substituted by 
-OH. C,-C 4 alkyl. C,-C 4 alkoxy. CrC«aryl or halogen, or monocyclic heteroarenes. fused 
heteroarenes or fused arene-heteroarenes which have 4 to 22 C atoms and 1 to 3 
heteroatoms chosen from the group consisting of O, S and N and are unsubstituted cr 
substituted by -OH. C-C.alkyl. C,-C 4 alkoxy or halogen, and U L 5 and U together hav the 
same meaning, or individually independently of one another are N 2 or the said nrtnle cr the 
said C 6 -C 1fl aryl. 

A preferred subgroup of th above compounds of the formula IX are those in which the 
ligands L,. L 2 . L 3 . U L 3 and U independently of one another are N 2 . C-C^lkylnrtnle. 
C fi -C 12 arylnitri!e. C r C 12 ar a ikylniirile or C 6 -C, 2 aryl. or L,. L 2 and l 3 in each case together are 
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in which 

R«. R». R30; R»i. Raa. **< R*. *»• R » and R " independently of one another am 
hydrogen. C^alkyl. C-Cjoalkoxy. aryl or SiRaRttR*). where, in the groups A, and A,, an 
aromatic or heteroaromatic ring, the heteroatoms of which are chosen from oxygen, sulfur 
and nitrogen, can be fused onto adjacent carbon atoms: and R M , R» and R* independently 
of one another are C,-C ia alkyl. C r or Ce-cydoalkyl. or phenyl or benzyl which are 
unsubstituted or substituted by C-Cealkyl or d-Cealkoxy. preferably C-C.alkyl. phenyl or 
benzyl, particularly preferably C,-C*allcyl. phenyl or benzyl, and U l*and l« likewise 
together have this meaning, or each individually are N 2 . the said nitrites or the said Cr 
C 12 aryl. or an arene or heteroarene. 

From this group of compounds of the formula IX which are to be singled out. preferred 
compounds are those in which 

U L 3 . l 3 . U U and U independently of one another are C,-C 12 alkylnitrileorCr 
C„arylnitrile. or L t . L 2 and L, in each case together are the groups A, or A, and U U and 
U likewise together have this meaning or in each case individually are N 2 . the said nitnles or 
the said arene or heteroarene of the formulae A, and A 2 . in which R 2e . R». R». Rw- R» 
R33. R34. R33. R3. and R,t independently of one another are hydrogen. C,-C.alkyl. C r 
f^alkoxy. SiR^R^o or phenyl, where, in the groups A, and A 2 . a benzene ring can be 
fused onto adjacent carbon atoms, and R„. R* and R« are methyl, ethyl or phenyl. 

In an especially preferred embodiment of the process according to the invention, the catalyst 
used corresponds to the formula IX in which 

L, L 2 L 3 UL 5 and U independently of one another are methylnitrile.ethylnitrile or 
phenyln.trile. or U L 2 and L, in each case together ar the groups A, or A 2 and U L 5 and U 
Lkewise together have this meaning or in each case .nd.vidually are the sa.d n,tnles. 
in v „ch R 2a . R 29 . R30. R,». R»- Rm- R»- *» "dependent* of one another «. 

hydrogen, methyl, m tnoxy or phenyl wh re. in the groups A, and A 2 . a benzene nng can be 
fused onto adjacent carbon atoms. 
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Another particularly preferred subgroup of the compounds of the formula IX are those in 
which Li. L 2 and L 3 together are monocyclic, polycyclic or fused arenes which have 6 to 24. 
preferably 6 to 18. and particularly preferably 6 to 12 C atoms and are unsubstituted or 
substituted by C,-C 4 alkyl. d-C^alkoxy. C 6 -C 12 aryl or halogen, or monocyclic heteroarenes. 
fused heteroarenes or fused arene-heteroarenes which have 4 to 22. preferably 4 to 16, and 
particularly 4 to 10 C atoms and 1 to 3 heteroatoms chosen from the group consisting of O. 
S and N and are unsubstituted or substituted by Ci-C 4 alkyl. Ci-C 4 alkoxy or halogen, and U. 
L$ and are a non-photolabi!e ligand. the previous preferred meanings also applying here. 

In this subgroup. L,. L 2 and L 3 are preferably benzene or naphthalene, and the non- 
photolabile ligand is preferably H 2 0, NH 3 , C t -C 4 alkanol or -alkanethiol which is unsubstituted 
or substituted by fluorine, aliphatic ethers, thioethers. sulfoxides and suMbnes having 2 to 8 
C atoms, dimethylformamide or N~methylpyrrolidone. 

In another preferred subgroup of compounds of the formula X. the compounds are 
ruthenium and osmium compounds of the formula X 

[L,Me)L a ) 3 f e IY 1 l, %, (X). 

in which Li is a photolabile ligand and is a non-photolabite ligand. Me is Ru or Os. Y, is a 
non-coordinating anion and x is the numbers 1 . 2 or 3. For the photolabile Bgands. non- 
photolabite ligands. Me and Y v the abovementioned preferred meanings apply. Particularly 
preferably. L t is N 2 or a nitrile. such as. for example. C,-C 4 alkylnitrile (acetontoile), 
benzonitrile or benzylnitrile. L 8 is NH 3 or an amine having 1 to 12 C atoms. Y t is a non- 
coordinating anion and x is the number 1 or 2. 

Catalysts which are particularty suitable for the present invention are (tos is tosylate and tis 
is 2.4.6-triisopropylphenylsulfonate): Ru(CH 3 CN)«(tos) 2 . Ru(CH 3 CH 2 CH) 6 (tos) 2 . 
Ru v CH 3 CN) 6 (CF 3 S0 3 ) 2 . Ru(CH 3 CH 2 CN) 6 <CF 3 S0 3 ) 2 . Ru(C fl H 6 ) 2 (tos) 2 . 
[Ru(C 6 H 6 )(C 6 H 5 OCH 3 )](BF4)2. lRu(C 6 H 6 )(C«H 3 i.propyl)](BF 4 ) 2 , [RutC^'aXI .3.5- 
tnmethylphenol)]{BF 4 ) 2 . [Ru(C 6 H 6 )(hexamethylbenzene)]<BF 4 ) 2 . (Ru(C 6 H 6 )(biphenyl)](BF 4 ) 2 . 
[Ru(C 6 H 6 )(chrysene)l(BF 4 ) 2 . [Ru(C 6 H 6 )(naphthalene)](BF 4 ) 2 . [Ru(cyclopentadieny!)<4- 
methylcumyl)JPF 6 , [Ru(cyanophenyl) 6 ](tos) 2 . (Ru(cyanophenyl) 6 ](CF 3 S0 3 ) 2 . 
(RutCsHgJttetramethylthiopheneJalaosJj. [Ru(C*H«)(CH 3 CN) 3 ](tos) 2 . 
[Ru(C 6 H 6 )(tetramethylthiophene) 3 ](CF 3 S0 3 ) 2 . [Ru(C 6 H 9 )(CH 3 CN) 3 ](CF 3 S0 3 ) 2 . 
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lRu(NH 3 )5N2](PF e ) 2 , [Ru^NHaJrfCHaCNJlBF*. IRu(CeHe(NH3)J(ti8)2. 
[Ru(C e HB(tetrahydrothiophene)3l(CF3S03)2. IRuWCHa^AHeKtosfc, {Ru(d;methyl 
sulfoxlde) 3 C8HaKPFe)2. IRufdimemylformamideh^HdfPFek. IRu(C»H e )Cl 2 b and 
ICsKCeHeJCIJa. 

Ruthenium and osmium catalysts to be used according to the invention are either known and 
in some cases commercially obtainable, or can be prepared analogously to known 
processes. Such catalysts and their preparation are described, for example, in Gilkerscn. 
W.R., Jackson. M.D.. J. Am. Chem. Soc. 101:4096-411 (1979). Bennett. MA. Matheson. 
T.W.. J. Organomet. Chem. 175:87-93 (1979), Moorehouse, S.. Wilkinson. G.. J. Chem. 
Soc.; Dalton Irans . 2187-2190 (1974) and Luo, S.. Rauchfoss. T.B.. Wilson. S.R., J. Am. 
Chem. Soc 114:8515-8520(1992). 

2. Heat-stable morybdenum(VI) or tungsten(VI) compounds which can be activated thermaty 
or with radiation and contain, bonded to the metal, at least two methyl groups or two 
monosubstituted methyl groups, the substituent containing no hydrogen atom in the a 
position. 

The other valencies of the molybdenum and tungsten are preferably satisfied by heat-stable 
neutral ligands, a large number of which are known. The number of neutral ligands can 
xceed the stoichiometrically possible number (solvates). Heat stability has been explained 
above. At temperatures above 50*C, for example 60 to 300*C. these molybdenum and 
tungsten compounds can also be activated thermally. 

The molybdenum and tungsten compounds to be used according to the invention can be 
those which contain one metal atom, or two metal atoms which are bonded via a single, 
double or triple bond. The methyl group or monosubstituted methyl group which is bended to 
the metal is bonded at least twice, particularly preferably two to six times, and especially 
pr ferably two to four tim s, as a ligand. The other valencies of the molybdenum and 
tungst n are preferably satisfied by h at-stable neutral ligands. the definition of heat stability 
having been given abov . This ligand preferably corresponds to the formula XI 



-CH 2 -R 



(XI). 
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in which R is H. -CF 3 . -SiR^R;**** -CR^R^Ru. CVdearyl which is unsubstituted or 
substituted by C r C 8 alkyi or d-C«alkoxy or C 4 -C 1s heteroaryl having 1 to 3 heteroatoms from 
the group consisting of 0, S and N; and . 
Ft,,, R, 2 and R43 independently of one another are d-C^lkyl, which is unsubstituted or 
substituted by d-doalkoxy. or and R« have this meaning andR^is Crdo&ryl cr 
C 4 -C 8 heteroaryl. which is unsubstituted or substituted by Chalky! or CfQalkoxy; and 
R 3 a. R39 and R<o have the abovementioned meanings. 

AJkyl R M to R43 can be linear or branched and can preferably contain 1 to 8 and particular^ 
preferably 1 to 4 C atoms. Aryl R M to R43 Is preferably phenyl or naphthyl. 

Aryl R in formula XI is preferably phenyl or naphthyl. 

Heteroaryl R in formula XI Is preferably pyridinyl, furanyl, thiophenyl or pyrrolyl. 

Preferred substituents for R M to R43 in the context of the definitions are methyl, ethyl, 
methoxy and ethoxy. Examples of the radicals R^toR^ have been given above under the 
compounds of the formula I. 

In a preferred embodiment the group R in formula XI is H. •C(CH 3 } 3 . -CCCH&CeHs. phanyl 
which is unsubstituted or substituted by methyl, ethyl, methoxy or ethoxy, -CF 3 or -SKCHsfe. 

The other valencies of the MofVI) and W(vT) atoms are optionally satisfied with identical or 
different ligands from the group consisting of =0. *N-Rm. secondary amines having 2 to 18 
C atoms. R45O-. R45S-, halogen, optionally sub? Muted cydopentadienyl. bridged 
biscyclopentadienyi. tridentate monoanionic ligands and neutral ligands. such as. for 
example, ethers, nitrites. CO and tertiary phosphines and amines, in which the R45 
independently of one another are linear or branched C,-C 18 all<yl which is unsubstituted or 
substituted by d-Cealkoxy or halogen. C r or C e cycloalkyl which is unsubstituted or 
substituted by d-dalkyl. d-dalkoxy or halogen, phenyl which is unsubstituted or 
substituted by d-Cealkyl, d-C«alkoxy, C-Caalkoxymethyl. d-Cealkoxyethyl or halogen, cr 
benzyl or phenyl thyi which are unsubstituted or substituted by C,-C<,alkyl. C r Ceaikoxy. C,- 
C 6 alkoxymethyl. C,-Cealkoxyethyl or halogen; and R+, is linear or branched C,-C 18 alkyl 
which is unsubstituted or substituted by Ct-CBalkoxy. C 5 - or C 9 cydoalkyl which is 
unsubstituted or substituted by d-C a a!kyl. C,-C a alkoxy or halogen, phenyl which is 
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Calkoxyelhyl, di(C,-C 9 alkyl)amino, dKCrCoaUcyOamino^^alkyl or halogen, ©r benzyl or 
phenytethyl which are unsubstituted or subctitued by C,-C«al5cyl. C-Cealkoxy, 
C t -C 6 alkoxymethyl, d-C«alkoxyethyl or halogen. 

Secondary amines are preferably those of the formula FW^N-. in which R* and R47 
independently of one another are linear or branched d-C^lkyl; C* or C«cycloalkyl; benzyl 
or phonylethyl which are unsubstituted or substituted by C r C«alkoxy or halogen, or 
(C-CealkyOjSi; cr R» and R, 7 together are tetramethylane. pentamethytene or 
3-oxapentane-1,5-diyl. The alkyi preferably contains 1 to 12. and particularly preferably 1 to 
6 C atoms. Some examples are dimethyl-, diethyl-, di-n-propyh dW-propyh dkhbutyl-. 
methyl-ethyl-, dibenzyh benzy^methyK dlphenyl- and phenyHnethylamino and 
di(trimethylsilyl)amino. 

Halogen as a ligand or a substituent is preferably For CI and particular* preferably CL 

The cyclopentadienyl can be unsubstituted or substituted by one to five C^aBcyl. m 
particular methyl or -Si(d-dalkyf) [sic], in particular Si(CH^ Bridged cydopertadlenyls 
are. in particular, those of the formula FWA-R*. in which R« is cydop«ntacSenyl which » 
unsubstituted or substituted by one to five d-dalkyl. in particular methyl or -SKC-C^kyl) 
[sic], in particular -SiCCH*. and A Is -CHr. -CHrCHr. -Si(CH 3 )r. ^(CH^CH^ or 
-SitCHaJrO-SHCHaV 

Ethers as neutral Uganda can be diaikyl ethers having 2 to 8 C atoms or cyclic ethers having 
5 or 6 ring members. Some examples are diethyl ether, methyl ethyl ether, diethyl ether. oV 
n-propyl ether. dH-propyl ether. dKrvbutyl ether, ethylene glycol dimethyl ether, 
tetrahydroforan [sic] and dioxane. 

Nitrites as neutral Ugands can be aliphatic or aromatic nitrites having 1 to 12. preferably 1 to 
8 C atoms. Some examples are acetonitrile. propionitrile. butylnrtrile. benzonHnle and 

benzylnitrile. 

Tertiary an*es and phosphlnes as neutral tfcand. can be thee hav* 9 3 to 24. pmferably 3 
to 18 C atoms. Some wangle, ar. Utm thiamine and -phosphln . tn lhylam,n. and 
-ohosphine. tn^propylarnine and -phosphln.. tri*vbutylarnin, and •^. ne - 
Wphenylamin and -phosphine. tncydoh famine and -phosphine. phmyldunrthytonm. 
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and -phosphine. benzyldimethylamine and -phosphine and 3.5<limethylphenyl- 
dimethylamine and -phosphine. - 

The triderttate monoanlonic Bgands can be, for example. hydro(tri8pyrazol-1-yl)borate3 or 
alkyl(trispyra20l-1-yl)borates, which are ^substituted or substituted by one to three 
C,-C 4 alkyl (cf. Trofimenko, S., Chem. Rev.. 93:943-980 (1993)], or 
IC^R'^RwRstP-OW 6 . in which R'isHor methyl and R«, and R* independently of one 
another are d-^alkyl. C,-C«a»koxy or phenyl [cf. Klaui. W.. Angew. Chem. 102:681-670 
(1990)]. 

Halogen as a substrtuent for the radicals R* and R« * preferably fluorine, and paittcutorly 
preferably chlorine. The sobsOuents aOcyl, alkoxy or alkoxy in alkoxymethyi or -ethyl 
preferably contain 1 to 4. and in particular 1 or 2 C atoms. Examples are methyl, ethyl, n- 
and ^propyl, n-. i- and t-butyl, methoxy. ethoxy. n- and Hxopykwy and n-. I- and t-cutytoxy. 

Alkyl R* and R* preferably contain 1 to 1 2. particularly preferably 1 to 8. and especially 
preferably 1 to 4 C atoms. Alkyl is preferably branched alkyl. Some examples of R* are 
methoxy. ethoxy. n- and Hwpytoxy. n-. i- and t-butyioxy. r*xaflucTC+propytoxy and hexa- 
and perfluorobutyloxy. 

Some examples of substituted phenyl and benzyl R^and^are p-methytphenyl or benzyl 
[sic], p-fluoro- or p«hlorophenyl or -benzyl, p^thylphenyl or -benzyl. I»v or i-propylphenyl 
or -benzyl. p+butylphenyl or -benzyl. 3-^athykphenyl or -benzyl. 3+propylphenyl or 
-benzyl. 2.6-dimetr*lphenyl or -benzyl. ZWi-i-propylphenyl or -benzyl. 2.6-dnv or -t- 
butylphenyl and -benzyl. R43 is particularly preferably phenyl which is unsubstituted or 
substituted by Ct-C 4 alkyl or d-C 4 alkoxy. 

In a preferred embodim nt. the molybdenum and tungsten compounds correspond, in 
particular, to ne of the formula XlltoXllc 
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in which 

Me is Mo(VI) orW(VI); fr/mi! , ft 
at least two.preferab* 2to4.ofthe radicals R» to Rsft am a radical XHrR of the formula 

XI. in which R has the abovementoned meanings; 

in each case two of the other radicals of R* to R* are *0 or =N-Ra. and R44 has the 

abovementioned meanings; and/or _ 

me othar -adica* from R» .0 R„ are I***** •*» r.*<*9 * <° 1 8 C " 
FWS, ha^en. cyo^nrndien,. or bridged ^o-tfadtonyl ora 

radicals R and Rj» to R» 

In a parbculerty preferred embedfrwnt, mcryfc<*«um and tureen 
a)F^toI^ar»ara<ScalofthBtermulaXl-CHr«. or 

bUar^l.ar.arad^oim.^X!^.^^^^"'^ 

ate a radteal of the formula W-CHrR. lml(11 _, Hj ,|.p 

R44 and R45. 

ParticuUrty preferred compound, d <h- forrmia X,l= are *«. * ^^V"* 
a radMofSve tam* X.. th. racial of M K~* » P-****** 

-CH 2 -Si(CrC 4 alkyr)3. 

^bdenum or .un^en eomr^ wNch are espec^y prefer** u»d ^ 
compel accords .0 ft. ^.nbon ar. tKo» of .he formuU. X». Xl»> cr Xlttb 

Bo /CHrR 

^CH r R 
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CHj-R 



:Mc: 



:N-R« 



(XDla). 



CHrR 



R-HaC 




cxmb). 



in which 

MetaMo(VI)orW(VI), 

R is H. -CtCHah. -C(CH3>rC«H s . -C^ s or -SUC^alKylh. 
R^isphenylorprHwylwh^issubstilutedbylto 

r m linear or branched C^alkoxy which is unsubsttuted or '^^^T^ 
r m has the same meaning as R„ or is F. CI or Br. R» is particularly P«^branched 
alkoxy. which is optimally partly or completely substituted by F. for example l^op^, 
i- and t-butyloxy. hexafluoropopytoxy [sic] and nonafluoropropyloxy. R* is preferably a. 

Some examples of molybdenum and tungsten compounds are: 
W(=N-C,H,)<OC<CF 3 )^^ 

Mo(=N-2.WimethylC 8 H 5 ) 2 I(CH r C.H s )b. vyp.6^AH^WCH ar C^Wi. 

Mo(=N-2.6-diisopropylC8H3)2KCH r C«Hs)la. 
Mo(=N-2.^iisopropylC,H 3 )2!(CH 2 C(CH 3 )rC 9 H5)l2and 

Mo(=N-2.6^imethylC 8 H 3 )2(CH 3 )2(tetrahydrofuran) 



The molybdenum and tungsten catalysts to be used according to the .nvent.n a^ncwn or 
b e prepared by and analogous processes starts from the - ^.^ 

rsse. for example, Huq, F.. Mowat, W.. Shortland, A., SkapsJo, 



can 
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A.C.. VWdnson. G.. J. Chen,. Soc. Cher, Cornea 1079-1080 (1971)0, *«*°*-«*' 
Murdack. J.S.. Bazan. G.C., Robbins. J.. DWaro. M.. OTesan. M : . J. Am. Ch-n. Sec.. 
112:3*75-3886(1990)1. 

3 Heat^tteWamunmn^^ 

en*,™*, in«hW, a .a*™** *oup *>« »"•»« c-hatos*. -bound to th.™w. 
These opponent catalysts are partorfarty pho«>calalytica«y active. 

The .KeniumdV). n^mM and UhtatumM expounds ' 0 ^*^^" , 
Mention are tt^ which cor^r^ato^ 
compou«*.ol»us*ac^to.h.i,w«n^canbe^ 

a^.c.^r^^whieh^t^^.^^^2!!^ 
valencies of .he Staniun, mobtur, tan^uro. mo*c*nurn ^ K *!^^' 

aatw*. h.-^B. neub* ^^^I^Sf, 

cTan^an^^^ 
to the formula XIV 

-CHrS.R3aR3.R40 (X,V) ' 
W^.or^t* linear or *arKhedan^^ 

preferably 1 to 8. and in particular 1 to 4 C atoms. Methyl and ethyl are the particularly 

preferred alkyl. 

Purred substfcKnta Mr phenyl and tenzy. R M «o *Wn .he octe*. of me der>*c«» are 
methyl, ethyl, methoxy and ethoxy. 

. o t«p in the oroup of the formula XIV are CrC 4 alW. phenyl 
In a preferred embodiment. R M to R40 w we group 

or benzyl. 

Some .ampfcaofth. W -f*m* XtVar. ^^^^ 
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WOUrU** •CH^KW* -CHrSXCH^ -CH2-Si(-C«Hs)(CHJi and -CH r 
Si(CHrC^,KCHA. -CHrSKCH^, b espeeialy preferred, 

The other .otowias of theTKtV). Nb(V). Ta<V). Mo(Vl) ar* WW atom, are optionally 
sate fied t ykkmticalo,d*r»rtn<^I^ 

consiseng of =0. =r«U s«»nd«y amines h**w 2 to 18 C torn* R«0- ,R«S-. h-oo». 
M MMHM b^open^y,. * 

Boa* and Mubal lgands. such as. to ttampto. ethrs. nSnhs. COandt*tar/ 

UchrfC.-C^v^bun.rb^o.s^ 
C^ydc^.rhiehis.n.ur^orsub^^ 

by C^M. C «i« C,-C**oxyr«W. C,^x^«^.^R^ 
^branched C-C^y. ««ch is urautsttrfed o, «^ ^^T^* 

p^y, .** is -uubsKufcd or .ub^d by ^^^^^^ 

C,-C.a«yt. d*C,<^aW>»mino. «C,-C^amir^-<^ 

or phenyl which are unsubtftuled o. «*»«ut*d by V**^**?**^ 

tteniura ccmpainda. lr« Boa«J * no« ^ or =N4W 

The meanings and preferred meanings of and R«. of s8c0nc '*^* rn *"*^'^ l ''^^* S * 

ttdia* amir*, and phospNr-s » M If* - - «— * 

nav. been gi«n above. The me***, and prfermd m«n*gs .*«» or -tar, a. 

a substituent in alkoxymethyl or -«nyl have Skewise Men given above. 

In , preierr* embodim^. the roe,* compound, com^pond. * particuia, « *. formula. 

XV, XVaorXVb 
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(XV), 




(XVb), 



in which 

Ma,isMo(Vi)orWtVI>; 

Me,rjNb(V)orTa(V); . 

on. of th. radio* R» to R M » a «M -CHrSHW- *■» fcTOuto XW - 
at leastM»oftheracS»lsR«,toR,.isF.CIorBr; „r^vri™*vt crciiemi 

Rm R M ,^R« l r«i< 1 r««^ofor«a«^ar.C,^^ 

unsubtftuted or ~ed by C-C^oxy. c '^^* ^ 

,rfler radicals are s^ary amino hart* 2 to 18 C atoms. or FW5-. rtfofiw. 

which is unsubsttuted or substituted by C,-C^<oxy o, halosen. C r or C^doaftyl v*«> 

^bTl or substituted by W^r « * 

unsubstituted or substituted by C^lKyKCr^oxy,^-^ ^ 
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C-C^alkoxymelhyl. C,-Ctfi»oxy*thyl. d,(C,-C^»<yl)am,no. <HW 

substituted cyclopertadienyl or bridged Mcyc **~ c^kjI wl** * urcutetituted 

mcspenden*/ o. or, another «° «*«""- « 
„ subbed by C^cxy or C ^ C ^^ „ or 

substituted b, C,-C^kyl. c '^^2Ul». or benzyl or phenyl wWeh « 
urawbrttuW or«*rt*uledby c '-^.^ V^. w wooer.. 

H. preferred a*****™*™"****""*'****'* 
.sordino, to the mention are those of the formulae XV. xva 

R„. or R„ and R„ toorther are the raoiea pwo-or halogen, or 

anott «r are unsuwWutod or subs«u*d ^ pJ^Lb^ or 

halogen, or indeM ndently of one another are unsubstituted or 

(c) in formula XVb R 7 , and R n independently o 

substituted cydopentadienyl. FUs-O- or halogen^ ^ mcanings apply to R». 
where R M to Rw have the above meamngs. The above pre 

R 39 . R40. Ru » nd 

*.iu iia<» XV! XVIa. XVlD. avIC or AViu 

invention are those of th formulae avi. avis. 
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^74 



R73 



CHrR 73 



(XVI). 




(XVIa). 



CHrR 73 



CBrRu 



»N-Re CXVIbX r- X 



(XV&). 



*7* 



*71 



CH2-R75 



-Ti 



R 



72 



(XVMX 



in which 

Me, isMo(Vl)orW(Vl): 

Me2isNb(V)orTa(V): 
R 75 is -Si(C,-C«altcyl)3; 
Z is CI or Br 

i s ph ny! or phenyl which is substituted by 1 to 3 C,-C«alkyl or C,-C 4 alkoxy. 

(a) R n and R 74 in formula XVI together are the group -NR« or individually independently of 
one another are F. CI. Br. linear or branched C^alkoxy which is unsubstituted or 
substituted by fluorine, phenyloay which is unsubstituted or substituted by C,-C 4 alkyl or C,- 
C 4 alkoxy. or cyclopentadienyl which is unsubstituted or substituted by d^alkyl; 

(b) R 71 . Rrj. Rr3 a°<* R " in formula XVIa independently of one another are F. CI. Br. linear 

,,.*;,v ; r n» substituted bv fluorine 
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phenyloxy which is unsubstituted or substituted by C,-C 4 a!kyl or C,-C 4 alkoxy. or 
cydopentadienyl which is unsubstituted or substituted by C,-C 4 alkyl: 

(c) R73 in formula XVIb is F. CI. Br. linear or branchedd^alkoxy which is unsubstituted or 
substituted by fluorine, phenyloxy which is unsubstituted or substituted by C,-C 4 alkyl or Cr 
C 4 aIkoxy, or cydopentadienyl which is unsubstituted or substituted by Ct-^alkyl: 

(d) R 71 . R 72 and R ra in formula XVlc independently of one another are F. a. Br. linear or. in 
particular, branched C,-C 4 alkoxy which is unsubstituted or substituted by fluorine, prtenytoxy 
which is unsubstituted or substituted by Ci-C 4 atkyl or C,-C 4 alkoxy. or cydopentadienyl which 
is unsubstituted or substituted by C,-C 4 aIkyJ; and 

(e) R n and R72 in formula XVld independently of one another are F. CI. Br. linear or. in 
particular, branched C,-C 4 alkoxy which is unsubstituted or substituted by fluorine, phenyloxy 
which is unsubstituted or substituted by d-C 4 alkyl or C,-C 4 aikoxy. or cydoperitaolenyl which 
is unsubstituted or substituted by Ci-C 4 alkyl. The alkoxy is particularly preferably branched 
alkoxy which is optionally partly or completely substituted by F. for example i-propyloxy. I- 
and t-butytoxy. hexafluoropopyloxy [sic] and nonafluoropropytoxy. The phenyloxy radical is. 
in particular, phenyloxy which is substituted by C,-C 4 alkyl in the 2.6-positions. for example 
2.6-dimethylphenyloxy. Examples of substituted cydopentadienyl radicals are mono- to 
pentamethyteydopentadienyl and trimethyteilylcyclopentadienyl. R» is preferably phenyl cr 
phenyl which is substituted by C,-C 4 alkyl. in particular phenyl or 3.5-dimethyh 2.6^iir»ethyk 
3.5-diethyl- and 2.6-diethylphenyl. 

Especially preferred compounds in the process according to the invention are those of the 
formulae XVII. XVIIa. XVIIb. XVIIc and Xvlld 
(R«-N=)2Mc,X.CH2Si(CHj)3 (XVU). 

(R«-N=)R7 l Mc,X,(OR C j)CH 2 Si(CH3>! (XVHa). 
R 72 R 73 Mc 2 X,(OR <2 )CH 2 Si(CH3)3 (XVDo). 
R o -N==Me 2 ^(0R < a)CH 2 Si(CH3)3 (XVIIc), 

R 71 -TiX.(OR €2 )CH 2 Si(CH3)3 (XVBd). 

in which 

Me, is Mo(VI)or W(VI): 
Me 2 is Nb(V) or Ta(V); 
X, is For CI: 
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Ruis phenyl or phenyl which is substituted by 1 or 2 C,-C 4 alkyl groups; 

R« is branched C 3 - or C 4 a!kyl which is optionally partly or completely substituted by fluorine. 

or phenyloxy. or phenyloxy which is substituted by 1 to 3 methyl or ethyl groups; 
R?3 and R n independently of one another are cydopentadienyl which is unsubstituted or 

substituted by 1 to 5 methyl groups. X, or R«,0-; and 
R., is cydopentadienyl which is unsubstituted or substituted by 1 to 5 methyl groups. X, or 

RnO-. 

Some examples of titanium(IV). niobium(V). tantalum(V). molybdenum(VI) and tungsten(VI) 
compounds are (Cp is cydopentadienyl and Me is Nb(V) or Ta(V)]: 
TitCHjSitCHj)^!,. TiICHjSKCH^jIBt,. CpjTilCHjSitCHjJJCI, 
(CHJjTitCHjSKCHJJCI. CpjTilCHaSHCHjWBr. Cp,TilCHaSi(CH^JI. 
CpTiICHjSi^HjWlCHJCI. CpTilCHjSKCH^Br,. KCHJjCHObTiICHjSitCHaWa. 
KCF^CHOIjTiICHjSKCH^. [(CF^CHOJCpTilCHjSKCHiJJCi. 
[(CH^CHOlCpTiICHjSKCHjJJCI. (C^OjCpTllCHjSKCHjJJCI. (2.6-dSmottnrl- 
C»H 9 0)CpTilCr^(CH,)ja{2.6«!im^^ 

(2.6-dimethyK^H 5 0)TilCH,Si(CH^ s LBr.I(CH,),COlCpTi[CH^(CH s ) J JCI. 
[(CFjMCH^COlCpTilCHjSKCH,^ 

Cp^e[{CH^(CH,)^l a .Me<sN-C,H0IOCH(CF^ l ][(CH^i(CHJJCI. 

Me(=N-2.6^iisc^ylC,H^(CH I Si(CH J )JCI I . 

Me(=N-2.6Kliisoprcpy1C,H J )((CH 3 ) J CHOH(CH I Si(CH J )JCI. 

Me(*N-2.6-dimethylC t HJ(2.6KlimethyM:,H i O)(CH 2 Si(CH,)JCI. 

Me(=N-2.6^imethyK^H,)((CF,) J CHO)lCH a Si(CH,)JCI. 

(=N-2.6-dimethylC,H J )CpMe((CH J Si(CH J ) J JCI. 

<C,HsO) 2 CpMe{(CH 2 Si(CH,) 9 lCI. 

(=N-3.5-dimethylC 6 Hj)Me(2.6^imethylC < H,0)M{GH 2 Si(CH,) > ))a. 
CpMelOCHtCHjJJjKCH^KCHjJJBr. CpMelCTCHtCHjJJjKCHjSitCH,),^!. 
CpMe{OCH(CF 3 ) l l,((CH J Si(CH,) 3 lCI. CpjMetMethyOKCHjStfCHJJCI. 
Cp 2 Me[OCH(CH s )Jl(CH J Si(CH,)JCI.lOCH(CH,) a l ; Me|CH J Si(CH J )JCI l . 
Me(2.6-dimethylphenyloxy)(CH,0) J t(CH,Si(CH J )JCI. 

Me{CH 2 Si(CH J ) a )[OCH(CH,)KCF J 0):CI.W(=N-C,H s )[(OC(CH J ) 3 ](CH r Si(CH } ) 3 lCl a . 
(2.6-diisopropylphenyloxy) J Me|CH,Si(CH 3 )jlCI,. 

Cp,Me[OC(CH 3 )J[(CH 2 Si(CH 3 )JC!. CpMe|OC(CH,)(CF J ) : ] ; [(CH : Si(CH J )JCI. 
Mo^tCHj-SitCHJ^OCHjCtCHjJsJCI],. Mo(»N-2.WiiscpropylC,H 1 -.2(CH 1 . 
Si(CH J ) 3 ]CI.W(aN-CaH $ )[(OC(CH J ) J ] I lCH J -Si{CH^ s ]Cl.Mot=N-C*ri s ) ; [CH I - 

S\(CH 3 ) s )a. 
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Mo(=N-2.6-dHsopropy!CWl(OCH a C(CH 3 )3] 2 ICH r Si(CH,),CL 

The titanium, niobium, tantalum, molybdenum and tungsten compounds to be used 
according to the invention are known or can be prepared by known and analogous ~ 
processes starting from optionally correspondingly substituted metal halktes by means of 
Grignard reactions [Schrock, R.R., Murdzeck. J.S., Bazan, G.C., Robbins, J.. DiMare, M.. 
O'Regan. M., J. Am. Cham. Soc. 112:3875-3888 (1990)]. 

4 Other suitable photoactive one-component catalysts are niobium(V) or tantahm(V) 
compounds which contain at least two methyl groups or two monosubstituted methyl groups 
bonded to the metal, the substituent containing no hydrogen atom in the a position. These 
compounds are also thermal catalysts. 

The nk>bium(V) and tantalum(V) compounds to be used according to the invention contain 
one metal atom. The methyl group or monosubstituted methyl group which is bonded to the 
metal is bonded at least twice, particularly preferably two to five times, and espedafly 
preferably two or three times, as a figand. This figand preferably corresponds to the formula 
XI 

-CHj-R (XI) 
where R has the meanings and preferred meanings given above. 

The otr.rjr valencies of the nicbum and tantalum atom are preferably satisfied with heat 
stable neutral ligands. a large number of which are known. The number of neutral figands 
can also exceed the stoichiometricaDy possible number (solvates). The definition of heat 
stability has been given in the introduction. 

The meanings and preferred meanings of neutral ligands have been given above. 

In a preferred embodiment, th niobium and tantalum compounds correspond, in particular, 
to the formula XVIII 
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R.5 Rm 

in which 

Ma isNb(V)orTa(V), 

at least two, preferably 2 or 3. of the radicals R^to R w are a radical -CH r R of the formula 
XI, m which R has the meanings and preferred meanings given above, 
two of the other radicals from R« to R» together are =Oor =N-R M . and R^ is linear or 
branched C,-C„alkyi which is unsubstituted or substituted by C,-C*iUcoxy. Cj- or 
Cjcycloalkyl which is unsubstituted or substituted by CrC^alkyl. C-Caalkoxy or halogen, 
phenyl which is unsubstituted or substituted by CrC 8 alkyi. C^alkoxy. C,-C^lkoxymethyi. 
C^alkoxyethyl. di(C,-C,alkyDamino. dKC^Ityjamino-C^lkyJ or halogen, or benzyl 
or phenylethyl which are unsubstituted or substituted by C,-C,alkyl. C,-C.alkoxy, 
C,-C,alkoxymethyl, C-C^oxyethyl, di(C,-C«3lkyl)amino. di(C r C^lkyl)amirx>C,-C a alkyl or 
halogen; and/or 

the other radicals from R«to Rm independently of one another are secondary amino having 
2 to 18 C atoms, R^O-, R^. halogen, cydopentadienyl or bridged biscydocentadenyl or a 
neutral ligand. in which the independently of one another are linear or branched C,- 
C„alkyl which is unsubstituted or substituted by C^alkoxy or halogen. C r or C«cyc3oalkyl 
which is unsubstituted or substituted by C,-C*ilkyl, C,-C,alkoxy or halogen, phenyl which is 
unsubstituted or substituted by C,-C»alkyl. C,-C,alkoxy, C,-C,alkoxymethyl, 
C-Calkoxyethyl, di(C,-C 5 alkyl)amino, di(C,-C,alkyl)amino-C,-C3alkyl or halogen, or benzyl 
or phenyethyl which are unsubstituted or substituted by C,-C,alkyl, C,-C,alkpxy. 
C-Calkoxymethyl. 0,-Calkoxyethyl. di(C t -C,a1kyl)amino. dKC-C^lkylJamino-C-Csalkyl or 
halogen. 

In a particularly preferred mbodiment, the niobium and tantalum compounds of the formula 
XVIII used are those in which 

a) Rj2 to R* ar each a radical of the formula XI -CH,-R. or 

b) Re, and R„ are each a radical of the formula XI -CH 2 -R. R M and R« together are the 
radical =N-R«. and R^ is unsubstituted or substituted cydopentadienyl. 

R, s -0- or halogen, or 
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c) R«, R«3 and R* are each a radical of the formula XI -CH r R, and and together are 
the radical sN-R*. or 

R«. R«. Rm and R^ are a radical of tile formula XI -GH r R and R M is unsubstituted or 
substituted cyciopentadienyl, R^-O- or halogen. . 
where R, R44 and R* have the above meanings. The above preferred meanings apply to R t 
R44 and R45. 



Niobium and tantalum compounds which are especially preferably used in the process 
according to the invention are those of the formulae IXX, IXXa or IXXb 

CHrRv 

/• 

=N-Ro (OX), rjj McC (DC&X 

I R» 



CHrRv 



Rj3 Me 




(IXXb), 



CHj-R, 



in which 

MeisNb(V)orTa(V). 

R, is H. -C(CH ,) 3 . -CJCHaJrCHs. -C^H, or -SKC-C^alkyl),. 
R» is phenyl or phenyl which is substituted by 1 to 3 C,-C 4 alkyl or C-C^koxy. 
R M in formula IXX is the group -CH,-R or F. CI. Br, linear or, in particular, branched 
C,-C 4 alkoxy which is unsubstituted or substituted by fluorine, phenyloxy which is 
unsubstituted or substituted by C,-C 4 alkyl or C,-C 4 alkoxy, or cycloperrtadienyl which is 
unsubstituted or substituted by C,-C 4 alkyl; 

Raj. Rss and R^ in formula IXXa independently of on another are F, CI. Br, linear or. in 
particular, branched C,-C 4 alkoxy which is unsubstituted or substituted by fluorine, phenyloxy 
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which is unsubstrtuted or substituted by C,-C«alky1 or C,-C 4 aJkoxy, or cydopentadienyl which 
is unsubstrtuted or substituted by C,-C 4 alkyl; and 

R u and R» in formula IXXb independently of one another are F, CI, Br, linear or, in 
particular, branched C t -C 4 alkoxy which is unsubstituted or substituted by fluorine, phenyioxy 
which is unsubstituted or substituted by C,-C 4 alkyl or C,-C 4 alkoxy, or cydopehtadienyl which 
is unsubstituted or substituted by C.-Calkyl. The alkoxy is particularly preferably branched 
alkoxy, which is optionally partly or completely substituted by F, for example i-propyloxy, (• 
and t-butyloxy, hexafluoropopyioxy [sicj or nonafluoropropyloxy. 

Some examples of niobium(V) and tantalum(V) compounds are [Cp is cydopentadienyl and 
MeisNb(V)orTa(V)]: 

Me[CH]5i(CH^ J,. Cp^eKCHjClCHOrCtH,)],. Me^N-ZWimethyJC^CH^ 
Me(=N-C,H i )lCX:(CH 3 )JI(CH,Si(CH 3 Wl 2 . Me<=N-2.6^Hsci)rcpylC^[(CH r C^ s )l 1 , 
Mef^N-C^OlOCC^CFj^KCH^KCH^l,. CpMe{OCCH,(CF J )JJ(CH r C t H s )l J , 
Me(=N-2.6-diiscf^ooylC t HJ[(CH a C(CH 3 ) r C,H 3 )l 2 CI, Cp 2 Me(CH 3 }jOCH(CH 3 ) 2 ], 
Me(=N-2.6^iinethylC^[(CH r C ( >IJ,.CpMe[OCH(C^^ 
Cp 3 Me[(CH 2 -C,H 5 )t J MetCHjSKCH^C^ MelCHjSKCHjJ^OCHjCfCH^. 
Cp^8[3.5KJinTethyiC t H J 0)lI(CH J Si(CH J ) 3 )l 2 . Me(2.6^iiso|)ropylphertyloxy) 2 (CH s )» 
Cp J Me(CH 3 ) 3 , Me<2,6^imethylphenyloxy),(CH J ) 3 . Me(CH a Si(CH 3 ) 3 }}(OCH(CH 3 )]j. 
CpMe(OC(CH 5 )J I ((CH r CH s )l J and CpjMeKCHjSi^H^t. 

The niobium and tantalum compounds to be used according to the invention are known or 
can be prepared by known and analogous processes starting from the optionally substituted 
metal halides via Grignard reactions and/or substitution reactions (Schrcck. R.R.. Murdzeck, 
J.S., Bazan, G.C.. Robbins. J., DiMara. M.. ©Regan. M., J. Am. Chem. Soc. 112:3875- 
3886 (1990)]. 

5. Other suitable photoactive one-component catalysts are titanium(IV) compounds which 
contain, bonded to the m tal. at least two methyl groups or two monosubstituted methyl 
groups, th substituent containing no hydrogen atom in the a position. These compounds 
are also thermal catalysts. 



The titanium(IV) compounds to be used according to th invention contain one metal atom. 
The methyl group or monosubstituted methyl group which is bonded to the metal b bended 
-» •'--•w f^i*.-^ Km *n four times and esoecjaflY oreferabty two cr three 
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•CH2-R 



(XI) 



where R has the meanings and preferred meanings given above. 

The other valendes of the titanium atom are preferably satisfied with heat-stable neutral 
ligands, a large number of which are known. The number of neutral Uganda can also exceed 
the stoichiometrically possible number (solvates). The definition of heat stability has been 
given in the introduction. 

The neutral ligands are, advantageously, identical or different ligands, for example from the 
group consisting of secondary amines having 2 to 18 C atoms, R^O-, R45S-. halogen, 
cyclopentadienyl. bridged Wscyclopentadienyl, tridentate moooanicnic ligands and neutral 
ligands, for example ethers and amines, in which the R* independently of one another are 
linear or branched Cf-C^alkyl which is unsubstituted or substituted by C Y -C«aikoxy or 
halogen, C r or C,cydoalkyl which is unsubstituted or substituted by C-Cgalkyl, Cj-Ctafcoxy 
or halogen, phenyl which is unsubstituted or substituted by C,-C*alkyl. d-C^koxy. 
Ci-Cealkoxymethyl, Ct-C^alkoxyethyl or halogen, or benzyl or phenylethyl which are 
unsubstituted or substituted by Chalky!, C,-C»alkoxy. C-Ctalkoxymethyl, d-Gta&oxyethyi 
or halogen. 

The meanings and preferences of R*, of secondary amines, of halogen as a further Kgand 
on the metal atoms or as a substituent, of cyclopentadienyl, ethers, nitriles, tertiary amines 
and phosphines as neutral ligands and of tridentate monoanionic ligands have been given 
above. The meanings and preferred meanings of alkyl, alkoxy or alkoxy as a substituent in 
aikoxymethyl or - ethyl have likewise been given above. 

In a preferred embodiment, the trtanium(IV) compounds correspond, in particular, to the 
formulae XX 




(XX), 



in which 
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at least two, preferably 2 or 3. of the radicals R« to R^ are a radical -CH,-R of the formula 
XI, in which R has the meanings and preferred meanings given above; and 
the other radicate R, 7 to R« are secondary amino having 2 to 18 C atoms. R44O-. R^S*. 
halogen, cyclopentadienyl or bridged bbcydopentadtenyl or a neutral ligand, in which the R« 
independently of one another are finear or branched C,-C,jalkyl which is unsubstituted or 
substituted by C,-C,alkoxy or halogen. Cs- or Ccydoalkyl which is unsubstituted or 
substituted by C,-C,alkyl, C,-C,alkoxy or halogen, phenyl which is unsubstituted or 
substituted by C,-C,alkvl, C,-C»alkoxy, C,-C,alkoxymethyl. C-C^alkoxyethyl. dKC,- 
Caalkyljamino. di(C,-C^kyl)amino-C,-C3alkyl or halogen, or benzyl or phenytethyl which am 
unsubstituted or substituted by C,-C,alkyl, C,-C,alkoxy, C,-C,alkoxymethyt. C,- 
Calkoxyethyl, di(C 1 -C t alkyl)amino. di(C,-<%alkyl)aminoC,-C^lkyl or halogen. 

In a particularly preferred embodiment, me tHanium(lV) compounds of the formula XX which 
are used in the process according tc the invention are those in which 

a) R«7 to Rn are a radical of the formula XI -CHj-R. or 

b) R., and Rm are a radical of the formula XI -CH r R. and R» and R» independently of one 
another are unsubstituted or substituted cydopentadienyl. R«-0- or halogen, or 

c) Re, and R« are a radical of the formula XI -CH r R, and R« is unsubstituted or 
substituted cydopentadienyl, R45-O- or halogen. 

where R and R* have the above meanings. The above preferred meanings apply to Rand 
R45. 

Tttanium(IV) compounds which are especially preferably used in the process according to 
the invention are those of the formulae XXIa or XXIb 



R|7 Ti Ra (XXIa). R^C Tt *** < xx3b >» 



in which 

R, is H, -C(CH&, -C(CH 3 ) a -C 9 H 8 . -C,H 5 or -Si(C,-C 4 alkyl) Jt and 

R« 7 and R* ind pendently of one another are F, CI. Br, linear or. in particular, branched C,- 
C 4 alkoxy which is unsubstituted or substituted by fluorine, phenyloxy which is unsubstituted 
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or substituted by C,-C4alkyl or C,-C 4 alkoxy, or cydopentadienyi which is unsubstituted or 
substituted by C,-C 4 alkyl. The aikoxy is particularly preferably branched alkoxy. which b 
unsubstituted or partly or completely substituted by F„ for example i-propyloxy, i-andt- 
butyloxy, hexaftuoropropyloxy and nonafluoropropyioxy. 

In a preferred embodiment of the invention, the titanium(IV) compounds contain a halogen 
atom, in particular CI or Br, bonded to the titanium if the radical R in the group -CHrRb 
-SiRjtRaaR*. Compounds which are especially preferred are than thoso of the formula XXII 

*f7 1 CBrSfiRggj^o Qoan. 

in which 
Y.isF.CIorBr. 

R M , R M and independently of one another are C,-C 1t alKyt, Cr or CfCycSoatkyl or phenyl 
or benzyl which are unsubstituted or substituted by C.-Caikyl or C-dalkoxy; and 
R w is the group «CH r SiR^ 3a R 4 o> F. CI, Br, linear or, in particular, branched C,-C«alkoxy 
which is unsubstituted or substituted by fluorine, phenyloxy which is unsubstituted or 
substituted by C,-C 4 aJkyi or C,-C 4 alkoxy, or cydopentadienyi which is unsubstituted or 
substituted by CfC^lkyl. R M , R» and R*, are preferably C,-C 4 alkyl, phenyl or benzyl, and 
Rar is preferably CI. C,- or C 4 -alkyl which is unsubstituted or substituted by fluorine, or phenyl 
or benzyl which are unsubstituted or substituted by C,-C«alkyl or C,*C 4 alkoxy, 

Some examples of titanium(IV) compounds are [Cp is cydopentadienyi]: 
TilCHjSKCH,)^. TilOCH^FJJjKCHjSiCCF,),!,. CpTi[(CH a C(CH^-<^Hs)lA CpTiUCH*- 
C,H5)1 3 . TiCyCHaSKCH,)^ [C<:H(CF 3 ) 1 ]T1KCH 2 -C S H 5 )]* CpBrTi[(CH 3 C(CH 3 } a -C.H 9 )] J . 
CpTip.6^inwuiylC^ J 0)][{CH^i(CH J )^l a .Tl[OCH(CH 3 )MCH J -C t H 9 )l,, 
CrTi(OCH(CH 3 ) JKCHjSitCHsWL. CpTilOCHtCFJJKCHj-CeH,)),, CpTi(m thyl),. 
CpTi(methyl)JCCH(CH,)J,Ti(CH a Si(CH,) 3 LBr,,Ti(2.6<limethylphenyloxy) l (CH^. 
Cp,Ti(CH,) s . TilCH 2 Si(CH J )j| 3 [OCH(CH,)l and Ti(2.6-diisopropylphenyloxy) a (CH J ) J . 

Th titanium(rV) compounds to be used according to th invention are known or can be 
prepared by known and analogous processes starting from the metal halktes by Gngnard 
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reactions or other known substitution reactions [see Ciauss, K.. Bestian, H.. Justus Liebigs 
Ann. Chem., 654:6-19 (1962)J. 

6. Other suitable photocatar/tteally active compounds are ruthenium or osmium compounds 
which contain at least one phosphine group, at least one photolabiie Ngand, and optionally 
neutral ligands bonded to the metal atom, a total of 2 to 5 ligands being bonded, and which 
contain acid aniens for balancing the charge. Total in the context of the invention means the 
sum of the phosphine groups, photolabiie ligands and neutral Uganda. The neutral Uganda 
are also called non-photcHabile ligands. Preferably 2 to 4. and particularly preferably 2 cr 3, 
ligands are bonded in total. 

The osmium compounds are also thermally active catalysts. The ruthenium compounds are 
also thermal catalysts if the phosphine group contains no linear a&yi or aikoxy group, but 
bulky groups, for example secondary and tertiary alky! cr atkoxy groups 0*prcpyi or i- and t- 
butyl), or cyctoalkyl groups, or phenyl groups or phenyloxy groups which are urtsubstituted 
or substituted by 1 to 3 C,-C<alkyt or -aikoxy. 

The phosphine group is preferably tertiary phosphines having 3 to 40. more preferably 3 to 
30 and particularly preferably 3 to 24 C atoms. 

The other valencies of the ruthenium and osmium are preferably satisfied with heat-stable 
neutral ligands. a large number of which are known. The number of neutral Bgands can also 
exceed the stoichiometncally possible number (solvates). 

In the ruthenium and osmium compounds to be used according to the invention, a 
monophosphine can be bonded one to three times and preferably two or three times and a 
diphosphine can be bonded once to the metal atom. Preferably 1 or 2 photdabile ligands are 
bonded in the ruthenium and osmium catalysts. The phosphine ligands preferably 
correspond to the formulae XXIII and XXIIIa 

PR.,R«R« (XXIII). 

RtiR«P-Z,-PR„R„ (XXIIIa). 

in which R,,. R« and R» independently of one another are H. C-C^alStyl. C«-C,jCyc!c£lJc/l 
which is unsubstrtuted or substituted by C,-C,alkyl. C,-C»haloalkyl or C,-C»alkoxy. cr 
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C„-C„aryl which is unsubstituted or substituted by C,-C,alkyl. C,-CJialoalkyl or C,-C«alkoxy, 
or C 7 -C tB aralkyl which is unsubstituted or substituted by C,-C«alkyl. C,-C f haioalkyl or 
C,-C,alkoxy; the radicals R,, and R« together are tetra- or pentamethyterte which is 
unsubstituted or substituted by C,-C,alkyl. C,-C«haloalkyt or C,-C«alkoxy, or tetra- or 
pentamethylene which is unsubstituted or substituted by C,-C,alkyl. C ( -C,haloalkyt or 
C t -C|atkoxy and fused with 1 or 2 
1 ,2-phenytene. and R« has the meaning given above: and 

Z, is linear or branched Cj-Ctjalkylene which is unsubstituted or substituted by C,-C«afl(Oxy, 
1 .2- or 1 ,3-cydoalkytene which has 4 to 8 C atoms and is unsubstituted or substituted by d- 
C«alkyl or C,-C 4 atkoxy, or 1,2 or 1,3-heterocydoalkyiene which has 5 or 6 ring members and 
one heteroatom from the group consisting of O or N and is unsubstituted or substituted by 
C,-C 4 alkyl orC 1 -C 4 alkoxy. 

The radicals R,,. and R» are preferably identical radicals. 

If R,,. R« and Rn are substituted, the substituents are preferably C,-C«aftyt. C,-CJhatoaBcyl 
or C,-C 4 alkoxy. Halogen is preferably CI and particularly preferably F. Examples of preferred 
substituents are methyl, methoxy, ethyl, ethoxy and trifluoromethyt R„. R«, and R« are 
preferably substituted by 1 to 3 substituents. Substituents are preferably in one or both ortho 
and/or meta positicns relative to the C atom of the P-C bond in the phosphine. 

Alkyl R»„ Rn and Rn can be linear or branched and can preferably contain 1 to 12. more 
preferably 1 to 8. and particularly preferably 1 to 6 C atoms. Examples of alkyl are methyl, 
ethyl, n- and i-propyl, rv. i- and t-butyl and the isomers of pentyl. hexyl. heptyl, octyl. ncnyl. 
decyi, undecyl. dodecyl, tridecyl. tetradecyl. pentadecyl. hexadecyt heptadecyl. octadecyl 
and eicosyl. Preferred examples are methyl, ethyl, n- and i-propyl, n-. »- and t-butyl, 1-, 2- or 
3-pentyl and 1- 2-, 3- or 4-hexyl. 

Cycloalkyl R,„ R„ and R w are preferably C»-C,cycloalkyl, and particularly preferably C,- or 
Ccycloalkyl. Some examples are cyclobutyl. cycloheptyl. cyclooctyl and. in particular, 
cyclopentyl and cydohexyl. Examples of substituted cycloalkyl are methyl-, dimethyl-, 
trimethyl-. methoxy-, dimethoxy-, trimethoxy-. trifluoromethyl-. bistrifluorom thyl and 
tristrifluoromethylcydopentyl and -cydohexyl. 
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Afyl R91. R* and R» are preferably CrC,** and particular* preferably phenyl or naphthyt 
Examples of substituted aryl are methyl-, dimethyl., tiime%K rnethoxy-. dirnetho^. 
trimethoxy-. trifluoromethyK bistrrfluoromethyl and tristrrfluoromethylphenyl. 

Aralkyl R,„ R„ and R„ are preferably CrC 13 aralkyl, where the alkylene group in the aralkyi 
13 preferabfy mem y tena - ara,k y' » particularly preferably benzyl. Examples of substitute* 
aralkyl are methyl-, dimethyl- trimethyk methoxy-, cimethoxy-, trimethoxy-. trifhjofanetnyK. 
bistrifluoromethyl and m'striftuoromethy Ibenzyl. 

Examples of optionally substituted or fused tetra- or pentamethylene bonded to the P atom 
are 



Q. Q. fi-Qp. 




I 



Other suitable phosphines are cydoaKphatics which have 6 to 8 ring carbon atoms and are 
bridged with a =PRa group, for example 







in which Ra is Chalky!, cydohexyl, benzyl, or phenyl which is unsubstituted or substituted 
by1or2C,-C 4 alkyl 

□near or branched alkylene 2, is preferably 1.2-alkylene or 1,3-alkylene having preferably 2 
to 6 C atoms, for example ethylene, 1,2-propylene or 1,2-butylene. 

Examples of cydoalkylene 2, are 1.2- and 1.3-cydopentylen and 1.2- r 1.3-cydohexySene. 
Examples of heterocydoalkylene 2, are 1.2- and 1.3-pyrrofidine. 1.2- and 1.3-piperidine and 
1 ,2- and 1 ,3-tetrahydrofuran. 

In a preferred embodiment, th phosphine ligands correspond to the formula XXIII in which 
R91. R« and ^ independently of one another are H. C,-C 9 alkyl. cyclopentyl or cydohexyl 
which are unsubstjftjted or substituted by C,-C s ajk\/l or nheny! whirh i« „™..h«h*.«~i 
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unsubstitiited or substituted by C.-Calkyl. C,-C 4 alkyl [sic] C,-C 4 alkoxy or trifluoromethyl. 
Particularly preferred examples of phosphine ligands of the formula XXIII are (C^JP. 
(C^CH,)^. (CH^P, (CHJjP, (CJH&P, (n-C,^, {i-CJH r )f>. (ivC^P. (C^HP, 
(C.H.CHJ-WP, (CHnJjHP, (CaH^P. (n-C^HP. (i-CH^HP. (n-C 4 H^HP. (C.HyH.P. (n- 
C^HJH^. (C^CryHaP. (CKOHjP. (CH^P. (CH^HP, (C^ H,P. <n^)H,P. (i- 
C,H,JH,P, PH 3 (2-methyK^H 4 ) J P. (3^H r C 4 H 4 ) 3 P. (4-C 2 H 5 ^ 8 H 4 ) 3 P.(4^H 3 -C 5 H 4 ) 3 P. (2.4-oT- 
CH 1 -C 9 H J ) 1 P. (2.G^CHyCf\JJ>. (2-C 2 H r C a H 4 ) 1 P,(3^H 5 ^HJ J P. (3^ 
^HrC^^P, (4^C s H r C,H 4 ) 3 P. tf-i-CaHrC^y*, O+CHrCVUP. (4+C s H r C^J J P, 
(2-n^ 4 H r C,H 4 ),P, (3-n<; 4 H r C^ 4 ) J p. (4-rvC 4 H,-C s H 4 ) 1 P. (2+C 4 H r CVi4) > P. (3+C 4 rV 
CA),P. (^.H.^HjjP. (^-t-C.HrC.HJjP. (W-C.H.-C^fcP. (4-t^ 4 H r C t H 4 ) J P. (2-CrV 
W-C.H.-C.H^P, (3^H,-6-t-C 4 H,^H s ) 3 P, (3^H,^-C 4 H r C^ a ),P. (^WM^HrC^P. 
(2.WM^ 4 H r C,H a ) J P and (2.4mM^ 4 rVC,r«,P. 

Organic or inorganic compounds, atoms or ions which are coordinated onto a metal centre 
are designed as figands for the ruthenium and osmium compounds to be used according to 
the invention. 

The meanings and preferred meanings of photoiabile ligands and non-photolabile ligands 
(also called highly coordinating figands) have been mentioned above. 

In a preferred embodiment, the Ru and Os catalysts to be used according to the invention 
contain only photoiabile ligands. phosphine groups and anions for balancing the charge. The 
catalysts which contain an arene group as photoiabile ligands. a tertiary phosphine group, 
and mono- or bivalent anions for balancing the charge are especially preferred. 

Suitable anions of inorganic or organic acids are. for example, hydride (H 3 ), halide (for 

example F 9 , CI* Br° and I s ), the anion of an oxygen acid and BF 4 e , PF a e . SbF, e or AsF, e . It 
should be m ntioned that th abovementioned cyclopentadienyl is a Kgand and an anion. 

Further suitable anions are 0,-0,,-. preferably 0,-Ce-. and particularly preferably 
C,-C 4 alcoholates. which, in particular, are branched, for example correspond to the formula 

R.R,R,C-O e , in which R, is H or C,-C 10 alkyl. R, is C,-C,oalkyl and R, is C,-C to alkyl or phenyl, 
and the sum of the C atoms of R„ R, and R, is 1 1 . Examples are. in particular, i-propyloxy 
and t-butyloxy. 



■MHMHH 
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Other suitable anions are C,-C„-. preferably C $ -C, 4 -, and particularly preferably 

C,-C„acetylides. which can correspond to the formula R»-CaC e . in which R. is C,-C ia alkyl, 
preferably a-branched Cj-C„alkyl. for example of the formula R,R,R t C-, or is phenyl or 
benzyl which are unsubstituted or substituted by 1 to 3 C,-C«alkyl or C-f^aikoxy. Some 
examples are i-propyh i- and t-butyh phenyl-, benzyl-, 2-methyh 2,6-dimethyK 24-propyh 
2-i-propyl-6-methyt-. 2-t-butyK 2.8-dM-butyl- and 2-methyl-6-t-buty!phenylacaty1lde. 

The meanings and preferred meanings of anions of oxygen acids have been mentioned 
above. 

H*. F*. Cf \ Br*. BF 4 e . PF, e . SbF« e . AsF. e . CFjSO, 0 . C^-SOs 0 . 4-inetriyl-C^-SO s e . 
2.6^imethyl-C t H r SQ 3 e , 2,4.&-trimethyl-C 8 Hj-S0 3 e and 4-CF,-C,HrSO, e and 
cyclopentadienyl (Cp 6 ) are particularly preferred. 

The number of non-photolabile ligands depends on the number of phosphine groups, the 
size of the non-photolabile ligands and the number of photolabile ligands. 

In a preferred embodiment the ruthenium and osmium compounds particularly preferably 
correspond to one of the formulae XXIV to XXI Vf 



RtrLtMe'l 



(XXIV), 



(XXIVa). 




(XXTVbX 



(XXIVc), 



(xxrvd). 



(XXTVe), 



(XXIVf), 



in which 
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Me is Ru or Os; 
n is the numbers 1.2 or 3; 
2 is the anion of an inorganic or organic acid- 
fa) L, is an arene or heteroarene iigand; 

(b) Lj is a monovalent photolabile Iigand different from L,; and 

(c) Lj is a monovalent non-photolabile Iigand. 

Fw R». L,. L, and L, 0 [sic], the preferred meanings stated above for the individual meenrngs 
apply. 

In the formulae XXTV to XXI VT. n is preferably 1 or 2 and especially 1. For R,,. the preferred 
meanings stated for the phosphine ligands of the formula XXIII apply, and in particular the 
phosphines are tertiary phosphines. 

Ruthenium and osmium compounds which are especially preferably used in the process 
according to the invention are those of one of the formulae XXV to XXVf 



(R^R^R^Pjl^Me 2 ^ 1 ^ (XXV). 
<R*R W R 9 «IWk l TZ , ->2 (XXVa), 

(R 94 R w R 9< P)L 9 L l0 Mc a *(Z l ) 2 (XXVb). 

(RmRwR^HL^TZ 1 ^ (XXVcX 

O^R^R^PJl^Mc 2 ^ 1 ^ (XXVd), 

(R w R 95 R 9 JP)L t L 10 Me 2 *(Z , -) 2 (XXVe). 

n which 

Me is Ru or Os; 



Z in formulae XXV to XXVe is H°. cydopentadienyl. CP\ Br BF 4 '\ PF.°. SbF. l \ AsF. u . 
CF3SO3 0 . CHj-SOj^. 4-methyl-dHs-SOj". 3.5-dimethyl-C,H s -SOj'\ 2.4.6-trimethyl-C,Hj- 
S0 3 ° and 4-CF 3 -C 6 H 5 -SOj°and in formula XXVf is H\ cydopentadienyl. 8F;\ PF,<\ SbF,' 1 . 
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AsF CF 3 SO, e . CeHs-SOj^. ^ethyW^Hs-SO/. 2.6-dimewyl-C a H 1 -SO, € \ 2.4.6-trimethyl- 
CWSO,* or 4-CF s ^,H s ^O s e . 

R*. Rm and R» independently of one another are C,-C,alkyl or -alkoxy. cydopentyt or 
cyclohexyl or cydopentyloxy or cyctohexyloxy which are unsubstituted or substituted by 1 to 
3 C,-C 4 alkyl. or phenyl or benzyl or phenyloxy or benzyloxy which are unsubstituted or 
substituted by 1 to 3 C,-C«alkyt; 

U is C«-C,«arerte or C 5 -C, 8 heteroarane which are unsubstituted or substituted by 1 to 3 

C,-C 4 alkyl, C,-C 4 alkoxy. -OH. -For CI; 

U is C,-C»alkyl-CN, benzonitriie or benzylnitriie; and 

L,o is H,0 or C,-C,alkanol. 

Preferred arenes and heteroarenes are benzene, toluene, xylene, trimethyibenzene. 
naphthalene, biphenyl. anthracene, acenaphthene. fluorene. phenanthrene. pyrene. 
chrysene. fluoranthrene, furan, thiophene. pyrrole, pyridine, y-pyran, y-thiopyran. pyrimtdfca. 
pyrazine. indole, coumarone, thionaphthene. carbazole. dibenzofuran. dibenzothfephene, 
pyrazole. imidazole, berurimidazole. oxazole. thiazole. tsoxazole. isothiazde. qutncnne. 
isoquinoline. acridine, chromene, phenazine, phenoxazine. phenothiazine. triazines. 
thianthrene and purine. More preferred arenes and heteroarenes are benzene, naphthalene, 
cumene. thiophene and benzothiophene. The arene is especially preferably benzene or a 
benzene which is substituted by C,-C 4 alkyl, such as. for example, toluene, xylene, 
isopropylbenzene. tert-butylbenzene or cumene. and the heteroarene is preferably 
thiophene. 

If the preparation of the ruthenium and osmium catalysts is carried out in solvents which can 
coordinate to a metal atorm such as. for example, alkanols, solvated Ru/Os cation 
complexes which are also included in the scope of the use according to the invention can 
form. 

Some examples f ruthenium and osmium compounds to be used according to the invention 
are (Tos is tosylate]: (C»H,,)^IPRu(p-cumene)C!j. 

(C t H„) 3 PRu(p-cumene)CI,. (QHnkPRulp-cumeneMTos),. (C,H,,) 3 PRu(p-cumen )Br,. 
(C 6 H M ) J PR U (p-cumen8)CIF. (C,H„) 3 PRu(C 8 H 4 )(Tos) J . 
(C S H, ,) J PRu(CH 3 -C«H 9 )(Tos) 2 . (C e H„),PRu(i-C 3 H r C 8 H 5 ){Tos),. 
(C s H.,)3pRu(chrysene)(Tos) 2 . {C 8 H„>,PRu(biphenyl)(Tos) ? . 
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(CjH^PRufanthraceneHTos),, (CeHukPRuCCtoH^fTos): (»-C 3 H7)jPRu(r>curiierie)Cl a , 
(CHa) 3 PRu(p-cumena)CI,. (n^H^PRufp-cumeneJCIj. ((Cy^JjPJjRuCHa-CNXTos),, 
(C,H„) 3 PRu(CH 3 -CN)(C 2 rVOH)(To^^ 

(^^OjPRutp-cumeneXCHj-CN^osJj. (n-CJHtb PRu(p-ajmene)(CH 3 -CN),(Tos)2. 
(C,H„) 3 PRu(CH,-CN) a CI 2 .(CJH 1 ,),PRu(CH J -CN) 2 Cl a . 
(C,H,,^PRu(p<uinene)(C2H 9 OH(BF 4 ),,(C a H ll )^Ru(p<umeneKC 3 H,OH(BF4),. 
(C»H„) 3 PRu(r><^ene)(CW 

(C 4 H n ) 3 P03(p-cumen6)Clj, 0-CjH 7 ) 3 PO3(p-cumene)CI,. (CHjJjPOsfp-cumeneJCIj. 
(CeH 9 ) 3 POs(p-cumene)CI 2 and RuCI 2 (p-cumene)[(C,H„) 3 PCH 2 CH 3 P(CH n )J. 

The ruthenium and osmium compounds to be used according to the invention are known or 
can be prepared by known and analogous processes starting from the metal halides (for 
example MeXj or [Me-areneXJj and reaction with phosphines and Ugand-fbrming agents. 

7. Other suitable one-component catalysts are divalent-canonic ruthenium or osmium 
compounds with a metal atom to which are bonded, acts [sic], 1 to 3 tertiary phosphine 
ligands with, in the case of the ruthenium compounds, sterically exacting substituents, 
optionally non-photolabile neutral ligands and anions for charge balancing, with the proviso 
that in ruthenium (trisphenylphosphine) dihalides or hydride-halides. the phenyl groups are 
substituted by C,-C lt alkyl. C,-C ts haloalkyl orC,-C ia alkoxy. 

The ruthenium and osmium compounds preferably contain 2 or 3 tertiary phosphine groups. 
Phosphine groups in the context of the invention are understood as meaning tertiary 
phosphines. The number of additional non-photolabile neutral ligands depends on the one 
hand on the number of phosphine ligands and on the other hand on the valency of the 
neutral ligands. Monovalent neutral ligands are preferred. 

In a preferred embodiment, the divalent-cationic ruthenium and osmium compounds to be 
used according to the invention contain 3 phosphine groups and 2 monovalent aniens for 
charg balancing; or 3 phosphine groups, two monovalent cr one divalent ncn-photolabito 
neutral ligand and two monovalent anions for charg balancing; or 2 phosphine groups, one 
monoanionic, additionally monovalent non-photolabile neutral ligands and one monovalent 
anion for charge balancing. 

The meanings and preferred meanings of non-photolabile ligands (also called highly 
coordinating ligands) have been mentioned above. 
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Sterically exacting substituents in the context of tha invention are understood as meaning 
those which shield the ruthenium and osmium atoms stericaOy. It has thus been found, 
surprisingly, that linear alkyl groups as substituents in the phosphine ligands give ruthenium 
compounds without any thermal activity for metathesis polymerization of strained 
cycloolefins. It has also been found that in the case of osmium compounds, linear alkyl 
groups as substituents in the phosphine ligands surprisingly have an excellent 
thermccatalytic activity for the metathesis polymerization of strained cycloolefins; however, 
phosphine ligands with sterically exacting substituents are also preferably used for the 
osmium compounds. It has furthermore been found that the steric shielding of 
triphenylphosphine ligands is inadequate in ruthenium cfihalides and ruthenium hydride* 
halides. and such catalysts have only a moderate catalytic activity for the metathesis 
polymerization of strained cydooiefins. Surprisingly, the catalytic activity can be increased 
considerably if the tertiary phosphine groups contain phenyl which is substituted by a&yi or 
alkoxy groups. 

The meanings and preferred meanings of phosphine ligands have been mentioned above. 
With particular preference, alkyl R«„ R« and R* are a-branched alkyl. for example of the 
formula -CR^R* in which is H or C.-CaJkyl, R, is C,-C„alkyl and R, is C,-C ia alkyl or 
unsubstituted or C 1 -€ 4 alkyl> or C,-C 4 alkoxy-substituted phenyl, and the sum of the C atoms 
in the radical -CR^R,, is from 3 to 18. 

In the osmium compounds used, R*. R,, and R« can also be linear alkyl having 1 to 18. 
preferably 1 to 12. more preferably 1 to 8. and particularly preferably 1 to 6 C atoms, for 
example, methyl, ethyl, n-propyl, n-butyl, n-pentyl, n-hexyl, n-heptyl and n-octyl. 

In a preferred embodiment, the phosphine ligands correspond to the formula XXIII. in which 
R,,. Rft, and R», independently of one another are ct-branched C 3 -C,alkyl, cydopentyl or 
cyclohexyl which are unsubstituted or substituted by C,-C 4 alkyl. or phenyl which is 
unsubstituted or substituted by C,-C 4 alkyl. C r C 4 alkyl [sic] C,-C 4 alkoxy or triflucromothyl. 
Particularly preferred exampl s of phosphine ligands of the formula XXIII are (CgH^P. 
(C 5 H,),P. (i-C 3 H r ),P. (C.H.^P, (i-C^P. (t-C 4 H,) 3 P. ICjHjCHfCHjHjP. [CjH^H^H^P. 
(2-methylphenyl)jP. (2.3-dimethylphenyl),P. (2.4-dimethylphenyl)jP, (2.6-dimethylphenyl),P. 
(2-methyl-4-i-propylph nyl)jP. (2-methyl-3-i-propylpheny03P. {2-memyl-54?ropylphenyl) 3 P. 
(2,4-di-t-butylphenyl) 3 P, (2-methyl-6-i-propylphenyl) 3 P. (2-metrtyS-3-t-butylphany0jP. (2.5-di-t- 
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butylphenyl) 3 P, (2-methyl-4-t-butylphenyl)jP. (2-methy!-5-i-but/lpheny1)^. (2,3-di-t- 
butylphenyl) 3 P and (2,6-di-t-butylpherryl)jP. 

Examples of and preferred meanings for suitable anions have been mentioned above. 

In a preferred embodiment, the ruthenium and osmium compounds particularly preferably 
correspond to the formulae XXVI. XXVIa. XXVIb. XXVIc and XXVId 



in which 

Me is Ru or Os; 

Y, is the anion of a monobasic add; 

Lti is a phosphine of the formula XXIII or XXIIIa, 

L, 2 is a neutral Hgand; 

L„ is a cydopentadienyl which is unsubstituted or substituted by C,-C«alkyt; and 
L,« is CO. 

The above preferred meanings apply to the individual meanings of L„. L, 2 . L 13 and Y,. 

In a particularly preferred embodiment, L, 2 in formula XXVI is a C,-C 4 alkan©l. Y, in formula 
XXVIb is CI or Br. Y, in formula XXVIc is H. and L„ in the formulae XXVI to XXVIc is «+ 
propylphosphine, tricydohexytphosphlne, triphenylphosphine or triphenylphosphine which is 
substituted by 1 to 3 C,-C 4 alkyl in the phenyl groups. 

The ruthenium and osmium compounds to be used according to the invention are known or 
can be prepared by known and analogous processes starting from the metal halkiea (for 
example MeX,, [Me(diolefin)XJ 2 or (Me-aran XJ, and reaction with phosphines and agents 
which form Ikjands. 



Me^UMY, 9 ), 

Me^L^UOT, 9 ), 
Me^^OT,®), 



(XXVI) 



(XXVIa) 



(XXVIb) 



(XXVIc) 



(XXVId) 
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The composition according to the invention can additionally comprise other open-chain, 
strained cyclic and/or strained poiycydic fused olefins which form metathesis polymers, 
these olefins preferably also containing further double bonds and contributing to the 
formation of crosslinked polymers. The cydtc olefins can be monocyclic or poiycydic fused 
ring systems, for example with 2 to 4 rings, which are unsubstituted or substituted and can 
contain heteroatoms, such as. for example, O. S. N or Si. in one or more rings and/or fused 
aromatic or heteroaromatic rings, such as, for example, o-phenyfene, o-naphthylene, o- 
pyridinylene or o-pyrimidinyiene. The individual cyclic rings can contain 3 to 18, preferably 3 
to 12, and particularly preferably 3 to 8 ring members. The cyclic olefins can contain further 
nonaromatic doubts bonds, preferably 2 to 4 such additional double bonds, depending on 
the ring size. The ring substituents are those which are inert, that is to say do not impair the 
chemical stability of the one-component catalysts. A large number of such olefins and 
cycioolefins are known, and they are obtainable in a simple manner by Diels-AkJer reactions 
of cyclodienes and cycJodefins or poiycydic or poiycydic fused olefins. These cycioolefins 
can correspond, for example, to the formula lla 

C H CQ2 



in which Q, and Q a have the meanings given for radicals of the formula II, induding the 
preferred meanings. 




Some preferred examples of compounds of the formula lla are norbomene and ncrbomene 
derivatives. Specific examples are: 
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(59). 



H 3 00 



H 3 CO 




(61). 



<2 Q D 




(65). 



(67X 



CHj (60). 




(62X 




(60. 



(66). 



(68) 



(69). 



The composition according to the invention may additionally comprise further ncn-vciatiJ© 
open-chain comonomers which form copolymers with the strained cycteotefiins. With the use 
of. for example, di nes at the same time, it is possiW for crosslinked pdym rs to form. 
Some examples of such comonomers are olefinicalty mono- or diunsaturated compounds 
such as olefins and dienes from th group pentene. hex n . heptene. octene. decene. 
dodecylene. acrylic and methacrylic acid, their esters and amid s. vinyl ethers, styrene. 
butadiene, isopren and chlorobutadiene. 
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The other olefins capable of metathesis polymerization are present in the composition 
according to the invention in an amount, for example, of up to 80% by weight, preferably 
from 0.1 to 80% by weight, more preferably from Q.5 to 60% by weight and. with particular 
preference, from 5 to 40% by weight, based on the total amount of compoundsof the 
formula I and other olefins capable of metathesis polymerization. 

Catalytic amounts in the context of the present invention preferably means an amount of 
0.001 to 20 mol%. more preferably 0.01 to 15 mol%. particularly preferably 0.01 to 10 moi%. 
and especially preferably 0.01 to 5 mol%. based on the amount of the monomer. Because of 
the high photocatalytic activity of ruthenium and osmium catalysts containing phosphtne 
groups, amounts of 0.001 to 2 % by weight are especially preferred in this case. 

The composition according to the invention can comprise solvents, especially if they are [sic] 
used for the production of coatings. 

Suitable inert solvents ate. for example, orotic polar and aprotic solvents, which can be used 
by themselves or in mixtures of at least two solvents. Examples are: ethers (dibutyl ether, 
tetrahydrofuran. cfioxane, ethylene glycol monomethyl or dimethyl ether, ethylene glycol 
monoethyl or diethyl ether, diethylene glycol diethyl ether, methylene glycol dimethyl ether), 
halogenated hydrocarbons (methylene chloride, chloroform. 1.2-dichloroethane, 
1,1,1-trichloroethane, 1 ,1.2.2-tetrachloroethane). carboxylic acid esters and lactones (ethyl 
acetate, methyl propionate, ethyl benzoate, 2-methoxyethyl acetate, v-butyrolactone, 
6-valerolactone. pivalolactone), carboxylic add amides and lactams 
(N.N-dimethylformamide, N.N-diethylformamide. N.N-dimethylacetamide. tetramethylurea. 
hexamethylphosphoric acid triamide, Y-butyrolactam. c-caprolactam. N-methylpyrrdkione. 
N-acety!pyrrolidone. N-methylcaprolactam). sulfoxides (dimethyl sulfoxide). suWbnes 
(dimethyl sulfone. diethyl sulfone. trimethylene sulfone. tetramethylene sulfone). tertiary 
amines (N-methylpiperidine. N-methylmorpholine). aliphatic and aromatic hydrocarbons, 
such as, for example, petroleum ether, pentane. hexane. cyclohexane. methylcyclohexane. 
benz ne or substituted benzenes (chlorobenzene. o-dichlorobenzen , 
1.2.4-trichlorobenzene.nitrobenzen . toluene, xylene) and nitril s (acetonitrile. propionate, 
benzonitrile, phenylacstonitrile). Pref rred solvents are aprotic polar and non-polar solvents. 



The choice of solvents depends chiefly on the properties of the one-component catalysts. 
................. j w.. iiu a*kj»nt« n««H Ruthenium and osmium catalysts can 
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catalysts are also insensitive to air, oxygen and moisture, and corresponding crosslink 
compositions can be processed without particular protective measures In the case of the 
other one-component catalysts, the exclusion of oxygen and moisture is advisable The 
compositions are storage-stable, storage in the dark being advisable because of the 
sensitivity to light. 

The composition according to the invention can comprise formulation auxiliaries. Known 
auxiliaries are antistatics, antioxidants, light stabilizers, ptestkfcers. dyes, pigments. fiSera 
reinforcing fitters, lubricants, adhesion promoters, viscosity-increasing agents and mcuW ' 
release auxiliaries. The fillers can be present in surprisingly high proportions without 
adversely affecting the polymerization, for example in amounts of up to 70% by weight, 
preferably from 1 to 70% by weight, more preferably from 5 to 60% by weight with particular 
preference from 10 to 50% by weight and. especially preferably, from 10 to 40% by weight 
based on the composition. Fillers and reinforcing fillers for improving the optical, physical 
mechanical and electrical properties have been disclosed in large numbers. Some examptos 
are glass and quartz in the form of powders, spheres and fibres, metal oxides and semK 
metal oxides, carbonates such as MgCQ* CaCQ* dolomite, metal sulfates six* as gypsum 
and heavy spar, natural and synthetic silicates such as talc, zeofites. woRastonite. felspars, 
aluminas such as china day. ground minerals, whiskers, carbon fibres, polymer fibres or 
polymer powders, and carbon black. Viscosity-increasing agents are. in particular, 
metathesis polymers which have oiefinically unsaturated groups and can be incorporated 
into the polymer in the course of pcrymerizaton. Such metathesis polymers are known and 
are obtainable commercially, for example, under the trade name Vestenamere®. Other 
viscosity-increasing agents are porycutadiene. polyisoprene or polychlorobutadiene. and 
also copolymers of butadiene, isoprene and chloroprene with olefins. The viscosity- 
increasing agents can be present in an amount of from 0.1 to 50% by weight preferably 
from 1 to 30% by weight, and with particular preference, from 1 to 20% by weight based on 
the composition. When fillers are used it is judicious to obtain optical transparency for the 
polymerization or to carry out the polymerization in thin layers. 

The invention also relates to a process for th preparation of crosslinked polymers by 
metathesis polymerization, which is charact rized in that a composition of 
(a) at least one compound of the formula I 



(A)„-B 



(I). 
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in which A is the radical of a strained cycloolefin. B is a direct bond or an n-valent bridging 
group and n is an integer from 2 to 8. and 

(b) a catalytic amount of at least one one^omponent cataryst for a metathesis 
polymerization which can be activated by heat or radiation. 

with the exception of norbornenecarboxylic acid (mjrbornenernethyl) ester of the formula 



m combination with a catalytic amount of at least one heat-stable molyodenum(VI) or 
tungsten(VI) compound which contains at least two methyl groups or two monosubstituted 
methyl groups bonded to the metal, the substituent containing no hydrogen atom in the a 
position. 

(c) is subjected to polymerization by heating. 

(d) is subjected to polymerization by irradiation. 

(e) is subjected to polymerization by heating and irradiation. 

(0 the one-component catalyst is activated by brief heating and (he pdymerization is ended 
by irradiation, or 

(g) the one-axnponent catalyst is activated by brief irradiation and the pciymerizatwn is 
ended by heating. 

Heating can mean a temperature of 50 to 300*C. preferably 60 to 250*C. particularly 
preferably 60 to 200*C. and especially preferably 60 to 150X. The polymerization times 
especially depend on the catalyst activity, and the time can extend from minutes to several 
hours. 

In the process according to the invention, it is not necessary to maintain the irradiation of the 
reaction mixture over the entire duration of the reaction. Once the polymerization has been 
initiated photcchemicalry. the subsequent course of the reaction takes place independently, 
even in the dark. The irradiation is advantageously carried out with light having a wavelength 
in the range from 50nm to 1000 nm. preferably in th range from 200 nm to 500 nm and 
especially preferably in the UV range. The duration of the irradiation depends on the nature 
of th light source. Suitable sources of irradiation are. for example, the sun. laser. X-ray and. 
in particular. UV radiation sources. UV lasers or UV lamps are preferably employed 
according to the inv ntion. The catalyst can be irradiated both before or during as wall as 
after addition of the monomer. 
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Suilabte irradiation times are from one second to several hours, in particular minutes to 
hours. The sequence of addition of monomers and catalyst is not critical. The monomer can 
be both initially introduced into the reaction vessel and added after introduction of catalyst 
Likewise, the catalyst can be pre-irradiated and the monomer can then be added. It is 
furthermore also possible to irradiate the solution comprising catalyst and monomer. 

In the case of irradiation, the process according to the invention is preferably carried cut at 
room temperature to slightly elevated temperature. An increase in temperature serves to 
increase the rate of reaction. The catalysts used initiate thermal metathesis rxrymerizatfcn 
per se. with crosslinking. at the temperatures chosen only in exceptional cases. At the 
temperatures chosen to accelerate the reaction, photcpotymerization therefore chiefly takes 
place. However, it should be mentioned that the catalysts can be converted into 
thermoactive catalysts by adequate irradiation. 

In particular, the process according to the invention is carried out with irradiation preferably 
at temperatures of -20 to +110"C. particularly preferably 20 to 80*C. 

The duration of irradiation especially depends on the desired reaction procedure. Brief 
irradiation is chosen, for example, rf the polymerization is to be only initiated by irradiation 
and is to be ended by heating. Brief can mean an irradiation time of up to 60 seconds, 
preferably 5 to 60 seconds, and particularly preferably 10 to 40 seconds. A longer irradiation 
time is chosen, for example, if the polymerization is to be carried out chiefly with irradiation 
and the final polymerization is to be ended only by after-heating. 

A quite particular and surprising advantage of the process according to the invention is that 
the one-component catalysts used act as thermal catalysts after the irradiation. This results 
in the possibility of continuing and ending the polymerization by supplying heat after a short 
irradiation time, which offers economic and industrial advantag s in various areas of the 
production of shaped articles or coatings. 

The present invention furthermor relates to crosslinked metathesis polymers of at least one 
compound of the formula I 

(A) ft -B (I) 
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in which A is the radical of a strained cyclootefin. B is a direct bond or an n-vatent bridging 
group and n is an integer from 2 to 8. and if appropriate other monomers capable of 
metathesis polymerization, with the exception of norbomenecarboxylic acid 
norbomenemethyl ester. 

Materials for production of shaped articles by machining, or. directly, all types of shaped 
articles, as well as coatings and images in relief, can be produced by the process according 
to the invention. 

The polymers according to the invention can have very different properties, depending on 
the monomer used. Some are distinguished by a very high permeability to oxygen, low 
dielectric constants, good heat stability and low absorption of water. Others have 
outstanding optical properties, such as. for example, high transparency and low refractive 
indices. The low shrinkage is furthermore to be emphasized in particular. They can therefore 
be used in very different industrial fields. 

As layers on the surfaces of carrier materials, the compositions according to the invention 
are distinguished by a high adhesive strength. The coated materials are furthermore 
distinguished by a very high surface smoothness and gloss. Of the good mechanical 
properties, the low shrinkage and the high impact strength are to be emphasized in 
particular, as well as the heat stability. Easy removal from the mould during processing in 
moulds and the high resistance to solvents are furthermore to be mentioned. 

These polymers are suitable for the production of medical equipment implants or contact 
lenses; for the production of electronic components; as binders for coatings; as photccurable 
compositions for model construction or as adhesives for gluing substrates with low surface 
energies (for example Teflon, polyethylene and polypropylene), as well as a 
photopolymerizable composition in stereolithography. The compositions according to the 
invention can also be used for the production of coatings by photopolymerization. it being 
possible on th one hand for clear (transparent) and even pigmented compositions to be 
used. Both white and colored pigments can be used. 

The compositions according to the invention are particularly suitable for the production of 
protective coatings and images in relief. The invention also relates to a variant of the 
process according to th invention for the production of coated materials or relief images on 
carrier materials in which a composition according to the invention and optionally solvent is 
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apphed as a layer to a carrier, tor example by dipping. brush,ng. pouring, rolling krofe- 
coabng or whirter pouring processes, the solvent is removed, if appropriate, and the layer is 
irradiated or heated for polymerization, or the layer is irradiated through a photomask and 
the non-irradiated portions are then removed with a solvent. This can be followed by thermal 
conditioning. Surfaces of substrates can be modified or protected by this process, or. for 
example, printed circuits, printing plates or printing rolls can be produced. In the production 
of printed circuits, the compositions according to the invention can also be employed as 
solder resists. Other possible uses are the production of screen printing masks and the usa 
as radiation-curabJe printing inks for offset, screen and ftexographic printing. 

The present invention furthermore relates to a coated carrier material, which is characterized 
in that a layer of a composition according to the invention is applied to a substrate. 

The present invention also relates to a coated substrate with a cured layer of a composition 
according to the invention. The exceptionally high adhesive strength of the layers, even on 
metal surfaces, deserves particular emphasis, even if the polymers are pure hydrocarbon 
polymers. 

Suitable carrier materials are. for example, those of glass, minerals, ceramics, plastics, 
wood, semi-metals, metals, metal oxides and metal nitrides. The layer thicknesses 
essentially depend on the desired use and can be. for example. 0. 1 to 10CO um. preferably 
0.5 to 500 Mm. particularly preferably 1 to 100 pm. The coated materials are tfstingutsned by 
a high adhesive strength and good thermal and mechanical properties 

The production of the coated materials according to the invention can be carried out by 
known methods, such as. for example, brushing, knife-coating, pouring processes, such as 
curtain coating or whirler pouring. 

The compositions according to the invention are also suitable for the preparation of rubber- 
like or thermoplastic polymers, which can be crosslinked still further if they contain reactive 
groups, such as. for example, (m th)acrylate or epoxide groups. 



The compositions according to the invention can also be used as adhesives. which can be 
cured by heat or by m ans of radiation, for firmly joining th most diverse materials, it being 
possible for outstanding peel strength to be achieved. 
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The polymers according to the invention are in particular also distinguished by very good 
physico-mechanical properties, such as. for example, high heat stability, breaking and 
ftexural strength and impact strength and outstanding electrical properties, such as, for 
example, low surface tensions and charges (very low c and tan 6 values), in addition to the 
high adhesive strength, the outstanding processing properties, the good surface properties 
(smoothness, gloss), the high crdsstinking density and the resistance to solvents and other 
liquids. The high permoafciTrty to oxygen and the low absorption of water are furthermore to 
be mentioned. Polymers built up only from carbon and hydrogen are particuiarty valuable 
ecologically, since they can be recycled completely, for example by pyrreJysis [sic]. 

The following examples illustrate the invention in more detail. 
A) Preparation of bbcvdootefins 

Example A1: Preparation of compound No. 0 (see EP 287.762). 

70 g (0.86 mol) of 1.5-hexadiene and 56 g (0.42 mcf) of dicyticpentadene are mixed in an 
autoclave and the mixture is heated at 190"C for 8 hours. Alter cooling, the mixture is 
distilled in vacuo. 32.6 g (36 %) of product are obtained as a colourless liquid at 80 to 1 10*C 
under 0.28 to 0.30 mbar; rff = 1.525. 

Elemental analysis: calculated C 89.85; H 10.35; 

found C 89.72; H 10.13. 

Example A2: Preparation of compound No.2. 

35 g (0.32 mol) 1 ,7-octadiene and 28 g (0.21 mol) of dicyclopentadiene are mixed in an 
autoclave and the mixture is heated at 190*C for 8 hours. After cooling, the mixture is 
distilled in vacuo. 6.7 g (13 %) of product are obtained as a colourless liquid at 1G0"C under 
0.21 mbar; n? = 1.516. 

Elemental analysis: calculated C 89.19; H 10.81; 

found C 89.50; H 10.60. 
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Exampte A3: Preparation of compound No.3 

34.6 g (0.25 mol) of 1,5-<tecadtene and 33.1 g (0.25 mol) of dicyclopentadiene are mixed in 
an autoclave and the mixture is heated at 190*C for 8 hours. After cooling, the mixture is 
distilled in vacuo. 1 1 .4 g (1 7 %) of product are obtained as a colourless liquid at 80 to 1C0*C 
under 0.24 mbar; = 1.504. the liquid becoming solid at room temperature. 
Elemental analysis: calculated C 88.82; H 11.18; 

found C 88.62; H 11.18. 

Example A4: Preparation of compound No. 20 

99.7 g (0.40 mol) of trialfyl cyanurate and 79.3 g (0.6 mol) of dicyclopentadiene are mixed in 
an autoclave and the mixture is heated at 190*C for 8 hours. After cooling, 160 g (89.4 %) of 
a brownish resinous solid having a melting point of of {sic] 50°C, which is soluble in toluene 
and chloroform, are obtained. 

Elemental analysis: calculated C 72.46; H 7.43; N 9.39. 

found C 72.21; H 7.52; N 9.32. 

A') Preparation of comoncmgra 

Example A'1: Preparation of compound No.59 

1 00 g (0.92 mol) of 1 ,5-cyclcoctadiene and 200 g (1 .51 mol) of dicydopentadiene are mixed 
together with 0.4 g of hydrquinone [sic] monomethy! ether in an autoclave and the mixture is 
heated at 190*C for 3 hours. After coding, it is distilled in vacuo. 73.5 g (33 %) of product 
ara obtained as a colourless liquid at 1 10*C under 4.8 mbar, rtf = 1.534. MS: M* = 240. 

Elemental analysis: calculated C 89.92; H 10.08; 

found C 90.11; H 9.04. 

Example A'2: Preparation of compound No.65 

64.9 g (0.40 mol) of 1 .5.9-cyclcdodacatriene and 79.3 g (0.60 mol) of dicydopentadtene are 
mixed in an autodav and the mixture is heated at 190'C for 8 hours. Aft r cooling, it is 
distilled in vacuo. 22.6 g (16 %) of product are obtained as a colourless liquid at 50 to 60*C 
under 0.04 mbar; rg = 1.541. MS: M* = 360. 
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Elemental analysis: calculated C 89.94; H 10.06; 

found C 89.98; H 9.90. 

Example A'3j Preparation of compound No.63 

92.1 g (1.00 rod) of cydoheptatnene and 198.3 g (1.50 mol) of dicydopentadiene are mixed 
in an autoclave and the mixture is heated at 190«C for 8 hours. After coding, it is timed in 
vacuo. 80.6 g (28 %) of product are obtained as a cdouriess liquid at 75*C under 0.12 mbar; 
rtf * 1.542. MS: M* » 290. 

Elemental analysis: calculated C 90.98; H 9.02; 

found C 90.71; H 9.31. 

Example A'4: Preparation of compound No. 64 

100 g (1 .09 mol) of norbomadiene and 50 g (0.38 md) of dicydopentadiene are mixed 
together with 0.2 g of hydroquinone monomethyl ether in an autcdave and the mixture is 
heated at 190*C for 3 hours. After cooing, H is distilled in vacuo. 25.0 g (29 %) of prcdud 
are obtained as a colourless liquid at 35'C under 0.25 mbar. • 1.532. MS: M* - 224. 
Elemental analysis: calculated C 91.01; H 8.99: 

found C 90.94; H 9.01. 

Example A'5: Preparation of compound No.66 

80.2 g (0.50 md) of cydododecene and 33.05 g (0.25 mol) of dicydopentadiene are mixed 
in an autcdave and the mixture is heated at 190*C for 8 hours. After coding, it is distftad in 
vacuo. 8.10 g (7 %) of product are obtained as a colourless liquid at 61*C under 0.12 mean 
n? s 1.528. MS: M* = 232. 

Elemental analysis: calculated C 87.86; H 12.14; 

found C 87.98; H 11.72. 

Examde A'6 : Preparation of compound No. 68 

104.25 g (1.5 mol) of isoprene (98 %), 208.7 g (1.5 mol) of dicydopentadiene (95 %) and 
1.0 g of tert-butyl-pyrocatechol are mixed and the mixture is heated at 200*C for 8 h under 
N, with stirring in an autoclave. After cooling, the semisclid mass is distilled under a high 
vacuum. 
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Boiling point 60*C (0.07 mbar). Yield: 202.4 g (67.4 %). n? * 1.53 
Elemental analysis: calculated C 89.94; H 10.06 

found C 89.85; H 10.08 

Examole A7: Preparation of compound Mo. 69 

139.2 g (1 .0 mol) of dicydopentaclene (95 %). 194.2 g (2.0 rnoO of 2-norbomene (97 %) and 
3.0 g of tert-butyl-pyrocatechcl are mixed and the mixture is heated at 230*C for 2 h under 
N, with stirring in an autoclave. After cooling, the semisoBd mass is distilled under a high 
vacuum. Boiling point 65"C (0.065 mbar). Yield: 69.0 g (21.5 %). rff ■ 1.54 
Elemental analysis: calculated C 89.93; H 10.07 

found . C 90.07; H 9.88 

Bl Preparation of crossBnkad cclvmers. 

The catalysts used are: 

A) W(=NC^ 3 )(OC(CH s )JICH a SK(CH 3 ) 3 I J CI 

B) W(=NC 9 H 3 KOCCH^CF 3 ) 2 ]ICH J Si((CH 3 ) a l 2 

C) RuCI 2 (p-cumene)P(C^H, 1 ), 

Example B1: 

The compound according to Example A1 is mixed with 0.7 % by weight of catalyst A and the 
mixture is poured into a glass mould. It is then irradiated at room temperature in a UV oven 
for 30 minutes (4 tubes of 100 W output) and then subjected to thermal polymerization at 
80*C for 1 hour. A dimensionally stable sheet, T fl 75*C (determined by means of differential 
scanning calorimetry) is obtained. The polymer swells in tolu ne without dissolving. The lew 
degree of swelling of 44 % indicates a high crosslinking density. 



Example B2: 

The mixture according to Example B1 is irradiated only with a 200 W mercury medium- 
pressure vapour lamp. A dimensionally stable sheet. T 0 60°C, is obtained. The degree of 
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Example B3: 

The procedure is as in Example Bt. but with 1 % by weight of catalyst and an adSSxncJ 
thermal after-curing at 100*C for 30 minutes. A dimensionaiiy stable sheet with a density of 
106 g/cm 3 , a T 9 of 125*C and a modulus of elasticity of 2210 N/mm' is obtained The Shore 
D hardness is 85 and the degree of swelling in toluene is 54 %. 

Example B4 

The compound according to Example A1 is mixed with 1 %by weight of catalyst Band the 
mixture is poured into a glass mould. It is irradiated at room tempeiatijre in a UV oven 
according to Example B1 for 2 hours and then polymerized at 80'C for 30 minutes, at 1C0X 
for 30 minutes and at 120*C for 30 minutes. A dtmensionafy stable sheet with a density of 
1.06 g/cm 3 , a T, of 125"C and a modulus of elasticity of 2390 N/mm 2 is obtained: the 
maximum stress is 40.4 N/mm 2 , the maximum extension is 2.0 % and the impact strength 
(according to Charpy) is 6.9 kJ/m 2 . The degree of swelling in toluene is 2000 *. 

Examples BSteRia- 

The monomer prepared according to Example {lacuna) is mixed with 0.5% by weight of 
catalyst C and the mixture is poured into a glass mould. Thermal curing is carried cut at 
60*C for 1 h. at 80'C for 1 h. at 100*C for 1 h and 120'C for 2 h. After-curing takes ptaea at 
150*C for 2 h. The following table shows the results. 



Example 


Monomer 




Swelling 


V 


SweHng* 


B5 


A1 


104 


34 


117 


16 


B6 


A2 


100 


28 


120 


9 


B7 


A3 


1 


180 


8 


172 


B8 


A'l 


122 


85 


143 


78 


B9 


A'3 




45 


15 


44 


B10 


A'4 


111 


55 


118 


52 


B11 


A5 


117 


88 


124 


87 


B12 


A*6 


22 


53 


29 


53 


B13 


A'7 


135 


81 


158 


SO 



T fl : a C; swelling: in toluene; *: following aft r-curing 
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PATENT CLAIMS - 

1 . Compounds of the formula I 

(AVB 

in which A is the radical of a st'ained cydoolefin. B is a direct bend or an n-vaiant brJddrtg 
group, and n is an integer from 2 to 8. with the exception of 1.2-blsrtcn^manyi^ane and 
norbcrnenecarboxyiic add ncrbomertemethyl ester. 

2. Compounds according to daim 1. characterized in that the cydic olefins are mcnccycSc or 
porycydte fused and/or bridged ring systenw which are unsubstituted w 

contain heteroatoms O. S. N or Si in one or more rings and/or fused alicydfc, aromatic or 
heteroaromatic rings. 

3. Compounds according to daim 2. characterized in that the individual cydfe rings certain 3 
to 16 ring members. 

4. Compounds according to daim 2, characterized in that the cydic rings contain 3 to 12 ring 
members. 

5. Compounds according to daim 2, characterized in that the cydic rings contain 3 to 8 ring 
members. 

6. Compounds according to daim 1. characterized in that the radical of a strained c*dcclefin 
corresponds to the formula II 




0D. 



Qt is a radical having at least one carbon atom which, together with the -CH=CQ 2 group, 
forms an at least 3-membered alicydic ring which optionally contains one or more 
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and sulfur; and which is unsubstituted or substituted by halogen. =0. -CN, -NO, 
WWHWr. -COOM. -SO3M. -PC^M. -COO(M,), a . -SQ,(M,) W . -PO^',)^ C,^^, 
C^ydroxyaikyl. C.-C^haloalkyi. C,-C,cyanoalkyl. C-C*ydoalkyl. CC,.aryl. 
C,-C,.aralkyl, C.^heterccycloalkyl, C^C^hetaroaryl, C 4 -C,J»teroaraJkyl or R,. X . : or in 
which two adjacent C atoms are substituted by -CO-O-CO- or -C&NrVCO-; or in which 
an aromatic or heteroaromatic ring and/or further alicycfic rings which is [sic] 
unsubstituted or substituted by halogen, -CN, -NO* R.R^KOX,-. -COOM. -SCtf*. - 
PO,M. -C0O(M,) ia , -S0 3 (M,U -POM),*. ^-C^aikyl. C-C^aloalkyf. 
C,-C 20 hydroxyalkyl, C,-C«cyanoalkyl. CVC^ydoalkyl. C,-C„aryl. CrCarafcyl, 
C,-C^eterocydoallcyl, C-C„heter6aryl, C,-C 1t heteroaralkyl or R„-X t - are optionaSy fused 
onto adjacent carbon atoms of the alicycKc ring; 
X and X, independently of one another are -O-, -S-. -CO-, -SO-. -SO r . -0-C<0>-, -c<0)-0-, 
-CfOJ-NR,-, -NR 10 -C(O)-, -SOj-O- or -O-SCy; 

R„ R 2 and R, independently of one another are C,-C ia alkyl. C^aperflucrealkyl. phenyl cr 
benzyl; 

R« and R„ independently are C-C^aikyl, C-C^haloalkyl, C l -C ao hydroxyalkyl. 

C 3 -C 8 cydoaikyi, C,-C„aryl or CrC„aralkyl; 
Rs and R, 0 independently of one another are hydrogen. C-Caalkyl, phenyl or benzyl, wham 

the aikyl groups in turn are unsubstituted or substituted by C,-C t2 alkoxy or 

CrCtcydoalkyt; 

R» R 7 and R, independently of one another are C-Calkyl, C,-C II perflix>roalkyJ 1 phenyl cr 
benzyl; 

M is an alkali metal and M t is an alkaline earth metal; and 
uisOor 1; 

where the alicyclic ring formed with Q, optionally contains further non-aromatic double 
bonds: 

Q 2 is hydrogen. ^-C^alky!. C,-C,ohaloalkyl. C,-C ia alkoJcy. halogen. -CN or R„-X,; 
R " is C.-Caoalkyl, C-Cjohaloalkyl, C,-C M hydroxyalkyi. Cj-C,cyctoalkyl. C,-Ci«aryl or 

Cy.Caralkyl; 
X, is -C(0)-0- or -CfOJ-NR,,-; 
R« is hydrogen. C,-C 13 alkyl, phenyl or benzyl; 

where the abovementioned cycloalkyl. heterocydoalkyl, aryl. heteroaryl. aralkyl and 
heteroaralkyl groups are unsubstituted or substituted by C-Caaikyl. C-Cjalkoxy. -NO* -CN 
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or halogen, and where the heteroatcms of the abovamenticned heterocydoalkyl. heteroaryl 
and nctaroaralkyl groups are chosen from the group consisting of -O-. -S-. -fjRr- ^ .j^- 
and 

R, is hydrogen, C,-C 12 alkyl. phenyl or benzyl. 

7. Compounds according to claim 6, characterized in that, in formula II. Q, b hydrogen. 

8. Compounds according to claim 6. characterized in that, in formula II. the aHcydte ring 
which Q, forms together with the -CH=CQ r group contains 3 to 8 ring atoms, the ring being 
a monocyclic, bfcydic, tricyclic or tetracyclic ring system. 

9. Compounds according to daim 6. characterized in that the radical of a strained cydootefin 
corresponds to the formula II. in which 

Qi is a radical with at least one carbon atom which, together with the «CH»CQj- group, 
forms a 3- to 20-membered aficydic ring which optionally contains one or mora 
heteroatoms chosen from the group consisting of silicon, oxygen, nitrogen and sulfur; and 
which is unsubstituted or substituted by halogen. *0. -CN, -NO* R.RjRjSHOk-, -COOM, 
-S0,M. -PO,M, -COOfMW -SOjCMOw. -PO,(M,),*. C,-C ia alkyl, C.^hateafcyl. 
C,-C 1a hydroxyaIkyl. C,-C 4 cyanoalkyl, CyCeydoalkyl, C,-C 13 aryl, CrC„arallcyl. 
Cj-CtthetarocycJoalkyl, C-Cwheteroaryl, C 4 -C,^eteroaralkyl or R.-X-; or in which two 
adjacent C atoms in this radical Q, are substituted by -COO-CO- or -CO-NRg-CO-: or In 
which an aromatic or heteroaromatic ring and/or further aiicydic rings which are 
unsubstituted or substituted by halogen. -CN. -NO,. R«R 7 R,Sh -COOM. -SO>M. -PO>M. 
-COO(M,)»«. -S0 3 (M,)«. -P0 3 (M,) 1 „. C-Calkyl. C.-C.jhaloalkyl. C.C^hydroxyaMtyl, 
C.-C^cyanoalkyl. Cj-C,cycloalkyl. C-C l2 aryl. CrC ia arallcyl, Cj.C.betarccyctoaikyl, 
Cs-Csheteroaryl, C 4 -C tJ hQtaroaralkyl or R, 3 -X,- are optionally fused onto adjacent carbon 
atoms; 

X and X, independently of one another are -O-. -S-, -CO-. -SO-. -SO,-. -O-C(O)-, -C(0}-O-. 

-CfOJ-NRj-. -NR 1tf C{Oh -S0 2 -0- or -0-SO a -; and 
Ri. R, and R 5 independently of one another are C,-C a alkyl, ^-Cgperfluoroalkyl. phenyl or 

benzyl; 

M is an alkali metal and M, is an alkaline earth metal; 
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R. and R„ independently of one another are C.-C^lky,. C.-C^loa.kyl. C,-C,,hy*o^l!cy, 

C J ^.cydoalkyl,C.-C, } afylorC r C ia aralkyl; 
R 8 and R t0 independently of one another are hydrogen, C,-C,alkyt, phenyl or benzyl 
where the alkyi groups in turn are unsubstituted or substituted by C-C^lkoxy cr " 

CrC.cycloalkyl; 

R* K'^^epemien^ 

benzyl; 
uisOorl; 

where the alicydic ring formed with Q, optionally contains further ncn-arcmabc double 
bonds; 

Q, is hydrogen, C,-C ia alkyl. C,-C ta haloalkyt, C-C^lkoxy, halogen. -CN or R^x* 
R„ is C,-C„alkyl, C,-C 1J ha!oaJkyl, C^ydroxyalkyl. CrCcydoalkyl. C,-C„aryl or 
CrCaaralkyl; 

X, is -C{OH). or -CCO-NR,* and 

R« is hydrogen, C,-C,alkyl, phenyl or benzyl; 

and where the cydoalkyi. heterocydoalkyl, aryl, heteroaryl, aralkyl and heteroaraUcyi groups 
are unsubstttuted or substituted by C-C^lkyl. C-Caltoxy, -NO,. -CN or halogen, and 
where the heteroatcms of the heterocydoalkyl, heteroaryl and heteroaraikyl groups are 
chosen from the group consisting of -O-. -S-. -NR.- and and R, is hydrogen, C-C^kyl. 
phenyl or benzyl. 

10. Compounds according todaim 6. characterized in that the radical of a strained 
cydoolefin corresponds to the formula II. in which 

Qi is a radical with at least one carbon atom which, together with the -CH*CQ r group, 
forms a 3- to 10-membered alicydic ring which optionally contains a heteroatem chosen 
from the group consisting of silicon, oxygen, nitrogen and .sulfur and is unsubstttuted or 
substituted by halogen. -CN. -NO,. R l R 3 R 3 Si-. -COOM, -SO,M, -PO,M. -COO<M,)„,. 
-S03(M,) 1/It -POjtMOw. C.-C^lkyl. C,-C,haloalkyl. C,-C,hydroxyalkyl. C,-C 4 cyanoalxyl. 
C,-C,cydoalkyl, phenyl, benzyl or R«-X-; r in which an aromatic or heteroaromatk: ring 
which is unsubstituted or substituted by halogen, -CN. -NO,. R,R ? R,Si-. -COOM. -SOjM. 
-PC S M. -COO(M,), Q . -SO,(M,) w . -PO^M,),*. Chalky!. C-Chaloalkyl. 
C,-C,hydroxyalkyl. C,-C 4 cyanoalkyl. C 3 -C,cycloalkyl. phenyl, benzyl or R 13 -X,- is optionally 
fused onto adjacent carbon atoms; 
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R,. R, and R, independently of one another are C,-C 4 alkyl. C.-C^rfluoroalkyl. phenyl or 
benzyl; 

M is an alkali metal and M, is an alkaline earth metal; 

R* and R„ independently of one another are C,-Crflkyl, C,-C^a!oalkyl. C,-C^yciroxyalkyl 
C,-Ccycloalkyl; 

X and X, independently of one another are -O-, -S-. -CO-, -SO- or -SO r ; 

R». R r and R, independently of one another are C,-C 4 alkyl. C,-C4>erflueroalkyl, phenyl or 

benzyl; and 
Oj is hydrogen. 

1 1. Compounds according to daim 6, characterized in that the cydoolefin radical of the 
formula II is unsubstituted or substituted cydopropenyi, cydobutenyl, cydopentenyl, 
cydoheptenyt, cydocctenyf. cydopentadienyl, cydohexadienyl, cydoheptadienyl, 
cydooctadienyt and norbomenyl or norbomenyl derivatives. 

12. Compounds according to daim 8, characterized in that the cydoolefin radical of the 
formula II is a radical of the formula III 




in which 

X, is -CHR ltf -, oxygen or sulfur; 

R, 4 and R, s independently of one anoth r ar hydrogen. -CN. trifluoromethyt. (CHj) 3 Si-0-. 
(CHj) 3 Si- cr-COOR 17 ; and 

Rib and R 17 independently of one another are hydrogen. C,-C„-alkyl. ph nyl or benzyl; 
or of the formula IV 
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(TV), 



in which 

X< is -CHR,,-, oxygen or sulfur; 

Ri» is hydrogen, C-Calkyl, phenyl or benzyl; and 

Ru is hydrogen. C-C^lkyl or halogen. 

13. Compounds according to claim 6. characterized in that the cydcolefin radical of the 



14. Compounds according to claim 1 . characterized in that, in formula I. n is an integer from 
2 to 6. 

15. Compounds according to daim 1. characterized in that, in formula I. n is an integer from 
2 to 4. 

16. Compounds according to daim 1. characterized in that, in formula I. n is the number 2 or 
3. 

17. Compounds according to claim 1, characterized in that, in formula I. B is an n-valent 
bridging group. 



formula II is norbomenyi of the formula 
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18. Compounds according to daim 1. characterized in that the bridging group corresponds 
to the formula V 



-Xs-Rjo-Xe- (V) 

in which 

X, and X, independently of one another are a direct bond, -O-, -CHrC. -C(0)O-. 

-C<0)C, -CrVO(0)C-. -C<0)-NrV, -R 31 N^O)C-. -Nr«(0).NR a ,-. -C^<C*NH-. 

•CHrf>C(0).NH- or -NI+C(0)-0. and 
Rj0 * CrCita'Hytene. CrCcydoalkytene which is unsubstttuted or substituted by C,-C«a*yl 

or C-C^lkoxy, C 4 -C, i arylene or CrCaralkylene which are unsubstHuted or substituted 

by C,-C«alkyl or C,-C 4 allcoxy. or polyoxaalkylene having 2 to 12 oxaalkytene units and 2 to 

6 C atoms in the alkytene, and 
RjifeHorC-Ctalkyl. 

19. Compounds according to daim 18. characterized in that, in formula V. 

a) X, and X, are a direct bond and R* is C-C„alkylene. or 

b) Xs and X, are -O-. -CHrO. -C(0)Cs -0(0)C-. -CH,.0<0)C-, -C(0)-NR ai ., -C-C(0)-NH- 
or -CrVOC{0>NH-. and R w is CrC ia alkylene. phenylene. naphthylene or benzySene which 
are unsubstituted or substituted by C,-C 4 alltyl or C,-C«alkoxy. or -R a -<0-Ra-),-ORa-. in 
which x is a number from 2 to 4, and R a is -C r C 4 alky«ene. 

20. Compounds according to daim 18. characterized in that they are chosen from the 
following group of compounds: 
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(6) 



ax 



(3X 



(9). 



V, y—CJ^CHjCHaCHj I ^ < l0 >» 

J tf^^CH a OC{0)NHCH a CH 2 C^^ — j^^^ ^ 
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(14). 



CHaOC(0)-IIH 




(16) and 



H 3 C.CH, 



21. Compounds according to claim 1. characterized in that the bridging group corresponds 
to the formula VI 



in which 

X*. Xe and X, are -O-, -OVO-. -C(0)0-. -0(0)C-. -CH r O(0)C. -C<0)-NR 2 ,-. -R 2 ,N-<0)C-. 
-NH-C(0)-NR 21 -. -O-C(0)-NH-. -CH 2 -0-C(0)-NH- or -NH-C<0)-0-. and 
R» is a trivalent aliphatic hydrocarbon radical having 3 to 20 C atoms, a trivalent 
cycloaliphatic radical which has 3 to 8 ring C atoms and is unsubstituted or substituted by 
C,-C<alkyl or C,-C 4 alkoxy. or a trivalent aromatic radical which has 6 to 18 C atoms and is 
unsubstituted or substituted by C,-C 4 aik y i or C,-C 4 alkoxy. a tnvalent araliphatic radical which 
has 7 to 1 9 C atoms and is unsubstituted or subst.tuted by C,-C,alkyl or C-C.alkoxy. or a 
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group consisting of -O-. -N- and -S- and is unsubst.tuted or subsftuted by C,-C,a,ky. or 
C,-C.alkoxy. and R„ is H or C,-C 6 alkyl. 

22. Compounds according to claim 21. characterized in that X,. X, and X, are -O- -c H -O- 
-C(0)Q, .0(0)C, .CH 3 -0<0)C-. -C(0>.NR jr , -CH ? .0-C(0)-NH- or -0-C(O)-NH,' ' ' 

23. Compounds according to claim 21. characterized in that the radicals R„ are derived from 
tnols; cyanuric add; triamines: tricarboxylic acids or triisocyanates. 

24. Compounds according to daim 21. characterized in that they are chosen from the 
following group of compounds 



C(0)-0 — CH I (13). 

HjC-CKOC-^^Q^ 

CtOhCHjC-C-CH, (19), 

HjC-ov<HO)c-^a(^ 

II (20). 

CH^OJC-HN >^ n ^^-{OJC-CHjC -j^^fr 

N^N (21) and 

.1....... i 
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CH 2 0-(0)C v C{0)-OH 2 C 




(22). 



P)-0H a C- 7 2^ 



25. Compounds according to claim 1. characterized in that the bridging group corresponds 
to the formula VII 

I 

- vr« v- (vm. 



in which 

X*. X«, X T and X, are -C(0)0-. -CH,-0(0)C- or -C(0)-NR ai - and 
R 2 4 is a tetravaient aliphatic hydrocarbon radical having 4 to 20 C atoms, a tetravatent 
cycloaliphatic radical which has 4 to 8 ring C atoms and is urisubstituted or substituted by 
C,-C 4 allcyl or C,-C 4 alkoxy. or a tetravaient aromatic radical which has 6 to 18 C atoms and is 
unsubstituted or substituted by C,-C 4 alkyl or C,-C 4 alkoxy. a tetravaient araliphatic radical 
which has 7 to 19 C atoms and is unsubstituted or substituted by C,-C 4 alkyl or C,-C 4 alkoxy. 
or a tetravaient heteroaromatic radical which has 3 to 13 C atoms and 1 to three 
heteroatoms. from the group consisting of -0-. -N- and -S- and is unsubstituted or 
substituted by C,-C 4 alkyl or C,-C 4 alkoxy. and R„ is H or C-Cgalkyl. 

26. Compounds according to claim 25. charact rized in that the radicals R J4 are derived from 
pentaerythritol, pyromellitic acid and 3.4.3\4'-biphenyltetracarboxylic acid. 



27. Compounds according to claim 25. characterized in that they are 
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(23) or 



(24) 



28. Compounds according to daim 1, characterized in that the compounds of the formula I 
contain only carbon and hydrogen atoms. 

29. Composition of (a) at least one compound of the formula I 

(A)„-B (|) 

in which A is the radical of a strained cycloolefin. B is a direct bond or an n-valent bridging 
group and n is an integer from 2 to 8, and 

o) a catalytic amount of at least one one-component caMlyst for metathesis polymerization 
which can be activated by heat or radiation, 

with the exception of norbomenecarboxylic acid norbenenemethyl ester of the formula 




in combination with a catalytic amount of at least one heat-stable motybdenum(VI) or 
tungsten(Vl) compound which contains, bonded to the metal, at least two methyl groups or 
two monosubstituted methyl groups, the substituent containing no hydrogen atom in the a 



-^\> — C(0K)-4^C - C - CH2-O.{0)C 



0(0)C 



^^--CHjCSOJC. ✓CtOOHaC-^-^ 
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30. Composition according to claim 29. charactered .n that it comprises, as the one- 
component catalyst, a heat-stable ruthenium or osmium compound which contains at least 
one photolabile ligand bonded to the ruthenium or osmium atom, and whose remaining 
coordination sites are satisfied with non-photolabile ligands. 

31. Composition according to claim 30. characterized in that the ruthenium and osmium 
compounds correspond to the formula X 



in which L, is a photolabile ligand and U is a non-photolabile ligand. Me is Ru or Os, Y, is a 
non-coordinating anion and x is the numbers 1. 2 or 3. 

32. Composition according to claim 29. characterized in that the one-component catalyst is a 
molybdenum(VI) or tungstan(VI) compound which contains at least two methyl groups or two 
monosubstituted methyl groups bonded to the metal, the substituent containing no hydrogen 
atom in the a position. 

33. Composition according to daim 32, characterized in that the optionally monosubstituted 
methyl groups, bonded to the metal, correspond to the formula XI 

-CH 2 -R (XI). 

in which R is H. -CF 3 , -SiRjaRaR*,. -CR^R^R^. C,-C, 6 aryl which is unsubstituted or 
substituted by C,-C,alkyl or C,-C,alkoxy or C 4 -C, s heteroaryl having 1 to 3 heteroatoms from 
the group consisting of O. S and N; 

R». R39 and R«o independently of one another are C,-C 6 alkyl. C 5 - or C 5 cycloalkyl or phenyl or 
benzyl which are unsubstituted or substituted by C,-C«alkyl or C,-C fi alkoxy. and 

Ro and Ro independently of one another are C,-C 10 alkyi. which is unsubstituted or 
substituted by C-C^alkoxy. or R 41 and R«, have this meaning and R„ is C a -C,oaryl or 
C 4 -C 9 heteroaryl. which is unsubstituted or substituted by C,-C 6 alkyl or C,-C 8 alkoxy. 
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34. Composition according to claim 29. characterized in that the one-component catalyst is a 
heat-stable titanium(IV), niobium(V). tantalum(V). molybdenum(VI) or tungsten(VI) 
compound in which a silylmethyl group and at least one halogen are bonded to the metai. 

35. Composition according to claim 34. characterized in that the silylmethyl group 
corresponds to the formula XIV 

-CH r SiR s> R J9 R 40 (XIV). 

in which 

R*. R» and R*, independently of one another are C,-C„-alkyl. C 5 - or C s cydoalkyl. or phenyl 
or benzyl which are unsubstituted or substituted by C,-C,alkyt or C,-C«alkoxy 

36. Composition according to claim 29. characterized in that the one-component catalyst is a 
niobium(V) or tantalum(V) cnmpound which contains at least two methyl groups or two 
monosubstituted methyl groups bonded to the metal, the substituent containing no hydrogen 
atom in the a position. 

37. Composition according to claim 36. characterized in that the optionally monosubstituted 
methyl groups correspond to the formula XI 

-CH,-R (XI) 

in which in which {sic] R is H. -CF 3l -SiRjaR»R«. -CR 4 ,R 4 ;R«. C 4 -C„aryl which is 
unsubstituted or substituted by C,-C,alkyl or C,-C,alkoxy or C 4 -C. s heteroaryl which has 1 to 
3 h teroatoms from the group consisting of O. S and N; 

R M . Rm and independently of one another are C.-C i; alkyl. C 5 - or C,cyc!oalkyl or phenyl 
or benzyl which are unsubstrtuted or substituted by C,-C e alkyl or C,-C»alkoxy. and 
R41. R*j and R, 3 independently of one another are C,-C,oalkyl. which is unsubstituted or 
substituted by C-C^lkoxy. or R,, and R 4 , have this meaning and R 0 is C 6 -C, 0 aryl or 
C 4 -C s heteroaryl. which is unsubstituted or substituted by C,-C e alkyl or C,-C 8 alkoxy. 
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38. Composition according to cfa.m 29. characterized ,n that the one-component catalyst is a 
MamumflV) compound which contains at least two methyl groups or two monosubstituted 
methyl groups bonded to the metal, the subst,tuent containing no hydrogen atom ,n the a 
position. . 

39. Composition according to claim 38. characterized in that the optionally monosubstituted 
methyl groups correspond to the formula XI 

•CHj-R (XI) 

in which in which [sic] R is H. -CF„ -SiR^R,^, -CR^R,,. C,-C,«aryl which is 
unsubstrtuted or substituted by C,-C^kyl or C,-C,alkoxy or C 4 -C ia heteroaryl which has 1 to 
3 heteroatoms from the group consisting of 6, S and N; 

R». R» and R* independently of one another are C t -C„alkyl. C 5 - or C,cycJoalkyt or phenyl 
or benzyl which are unsubstrtuted or substituted by C,-C^ikyl or C,-C,alkoxy. and 
R*,. R43 and R^ independentty of one another are C,-C 10 alkyl, which is unsubstituted or 
substituted by C,-C 10 alkoxy. or R«, and R^ have this meaning and R« is C,-C 10 aryl or 
C 4 -C^eteroaryl, which is unsubstituted or substituted by C,-C,alkyl or C t -C,alkoxy. 

40. Composition according to daim 29, characterized in that the one-component catalyst is a 
ruthenium or osmium compound which contains at least one phosphine group, at least one 
photolabile ligand. and optionally neutral ligands bonded to the metal atom, a total of 2 to 5 
ligands being bonded, and which contains acid anions for charge balancing 

41. Composition according to claim 40. characterized in that the phosphine ligands 
correspond to the formulae XXIII or XXIIIa. 

PR„R„R M (XXIII). 

Rs.R-Hp-ZrPR^Ra, (XXIIIa). 

in which R 9I . R„ and independently of one another are H, C-Cjcalkyl. C 4 -C, : cydoalkyl 
Which is unsuhstiti it*>r} nr «i ihctiti itsH Hu r. _/~ aibwi r .r h^,i«-,ii,,,i m n _r 
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| ^.aryl which is unsubstituted or substituted by C.-C 8 alkyl. C-Qhaloalkyl or C-Qalkoxy. 

• • -C^aralkyl which is unsubstituted or substituted by C,-C,alkyl. C,-C 4 haJoalkyl or 
41 Calkoxy: the radicals R,, and R„ together are tetra- or pentamethylene. which is 
Un «ub»trtuted or substHuted by C,-C 8 alkyl. C,.C,haloalkyl or C-Csalkoxy. or tetra- or 
■* M Urnethyl8ne. which is unsubstituted or substituted by C,-C,afkyl. C,-C,haloalkyl or 
" C,«lkoxy and fused with 1 or 2 1.2-phenylene. and R„ has the meaning given above; and 
^ «Hl linear or branched (VCalkylene which is unsubstituted or substituted by C,-C 4 alkoxy. 
" or 1.3-cycloalkylene which has 4 to 8 C atoms and is unsubstituted or substituted by 
'^•Ikyl or C,-C 4 alkoxy, or 1.2 or 1.3-heterocycJoalkylene which has 5 or 6 ring members 
one heteroatom from the group consisting of O or N and is unsubstituted or substituted 
v G..C«alkyl orC,-C 4 alkoxy. 



is a 



2 Composition according to daim 29. characterized in that the one-component catalyst 
| ,,v «l*ni^ationic ruthenium or osmium compound with a metal atom to which are bonded. 1 
0 3 tortiaiy phosphine ligands with, in the case of the ruthenium compounds, sterically 
Rifling substituents. optionally non-photolabite neutral ligands and anions ♦or charge 

•icing, with the proviso that, in ruthenium (trisphenylphosphine) dihaJides or hydride- 
* the phenyl groups are substituted by C,-C„alkyl. C,-C u haloalkyl or C-Calkoxy. 

* 3 Composition according to claim 42, characterized in that the phosphine ligands 
' 8of ftipond to the formulae XXIII or XXIHa 

PR»iR»R« (XXlli). 

R 9 ,R aB P-Z,-PR, t R a j (XXIHa). 

M * Which Rj,, R„ and R„ independently of one another are H. C.-C»alkyl. C 4 -C tJ cydoalkyl 
* h, Qh it unsubstituted or substituted by C,-C 6 alkyl. C,-C,haloalkyl or C,-C,alkoxy. or 

•'t-M^ryl which is unsubstituted or substituted by C,-C 8 alkyl. C,-C s haloalkyl or C,-C,alkoxy. 
^ r ^'^.aralkyl which is unsubstituted or substituted by C.-C 6 alkyl. C,-C,haloaikyl or 

' ^.alkoxy; the radicais R,, and R« together are tetra- or pentamethylene. which is 
Vma ubatituted or substituted by C,-C 4 alkyl. C.-C 6 haloalkyl or C-aalkoxy. or tetra- or 
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Z * ™, or ranch* C: .c.^ « . unsutettuted „ substj(uted c> 

c -c 1 fTT^ **• 4 '° 8 C *oms an. » uraubsttutM or ^ 
C-C.a,M or CCa^y. or ,.2 or 1. 3 .he.erocydo,, M en. which h S s S or6 hno membeis 
and one heterMt0In ^ me ^ rf Q ^ M ^ . ^ 

by C,-C 4 alkyf or C,-C 4 alkoxy 

44. Composrtion according to da,m 29. characterized in that the or^component catalyst is 
present ,n an amount of from 0 001 to 20 mo.%. based on the amount of the monomer. 

45. Process for the preparation of crosslinks polymers by metathesis polymerization 
characterized in that a composition of 

(a) at least one compound of the formula I 

<A)„-B (|) 

in which A is the radical of a strained cydoolefin. B is a direct bond or an n-valent bridging 
group and n is an integer from 2 to 8. and 

(b) a catalytic amount of at least one one-component catalyst for a metathesis 
polymerization which can be activated by heat or radiation. 

with the exception of norbomenecarboxylic acid norbornenemethyl ester of the formula 



in combination wrth a catalytic amount of at least one heat-stable molybdenum(Vl) or 
tungsten(VI) compound wh,ch contams at least two methyl groups or two monosubstituted 
methyl groups bonded to the metal, the substituent contaimng no hydrogen atom in the a 
position. 

(c) is subjected to polymerization by heating. 

(d) is subjected to polymerization by irradiation. 

(e) is subjected to polymenzat.on by heatmg and .rrad.ation. 
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(g) the one-component catalyst is actuated by bnef irradiation and the polymerization is 
ended by heating 

46. Process according to daim 65 [sic], characterized in that it .s earned out at a 
temperature of 20 to 300"C. 



Crosslinked metathesis polymers of at least one compound of the formula I 

(A) n -B ( D 



in which A is the radical of a strained cydootefin. B is a direct bond or an n-valent bodging 
group and n is an integer from 2 to 8. and if appropriate other monomers capable of 
metathesis polymerization, with the exception of norbomenecarboxylic acid 
norbomenemethyl ester. 

48. Coated carrier material, characterized in that a layer of a composition according to daim 
29 is applied to a substrate. 



49. Coated substrate with a cured layer of a composition according to daim 29 



-92- 



Monomers and comoo S ,t.nn wh.rh ^ , gg ,,^, d and mniinkmH 

Abstract 

Compounds of the formula I 

<A)„-8 (I) 

in which A is the radical of a strained cycloolefin. B is a direct bond or an n-vaient bridging 
group and n is an integer from 2 to 8. with the except.on of 1 .2-b.snorbomenyi-ethane and 
norbomenecarboxylic add horbomenemethyl ester 

The compounds of the formula I can be polymerized with one-component catalysts (nng- 
opening metathesis polymerization). 



IN THE MATTER OF an Australian 
Application corresponding to 
PCT Application PCT/EP95/04359 



I. Andrew Harvey David SUMPTER BSc, 

c/o Evropa House. Marsha* Way. Gerrards Cross. Buckinghamshire 
England, do solemnly and sincerely declare that I am conversant 
with zhm English and German languages and am a competent 
translator thereof, and that to the best of my knowledge and 
belie: the following is a true and correct translation of the 
amended sheets of the PCT Application filed under 
No. PCT/EP95/04359. 



Date: 9 May 1997 



v. 

A. H. D. SUMPTER 
For and on behalf of RWS Translations Ltd. 
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PATENT n ftf M ft- 

1. Compounds of the formula I 



in which A is the radical of a strained cycloolefin. B is a direct bond or an n-valent bridging 
group, and n is an integer from 2 to 8, with the exception of 1 .2-bisnorbornenyl-ethane 
norbornenecarboxylic acid norbornenemethyl ester and compounds of the formula 




in which R, is hydrogen or alkyl. 

2. Compounds according to daim 1. characterized in that the cyclic olefins are mcnccyd* or 
polycyclic fused and/or bridged ring systems which are unsubstrtuted or substituted and can 
contain heteroatoms O, S, N or Si in one or more rings and/or fused alicyclic, aromatic or 
heteroaromatic rings. 

3. Compounds according to claim 2, characterized in that the individual cyclic rings contain 3 
to 16 ring members. 



4. Compounds according to claim 2, characterized in that the cyclic rings contain 3 to 12 ring 
members. 



5. Compounds according to claim 2. characterized in that the cyclic rangs contain 3 to 8 ring 
members. 



6. Compounds according to claim 1. characterized in that the radical of a strained cycloolefin 
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<n>, 



Q, is a radical having at least one carbon atom which, together with the -CH-CQ, group, 
forms an at least 3H*embered alicyclic ring which optionally contains one or more 
heteroatoms chosen from the group consisting of silicon, phosphorus, oxygen, nitrogen 
and sulfur: and which is unsubstituted or substituted by halogen. =0. -CN. -N0 2 , 
RtR^SHOX,-. -COOM. -SO,M. -P0 3 M. -COOM),*. -S0 3 (Mi)i*. ^(M^ C r 
Cjoalkyl. Ct^Mhydroxyalkyl. C-Cjohaloalkyl, d-Ccyanoalkyl, C 3 -C s cydoalkyl, Cr 
C, 6 aryl, CrC 16 aralkyl. C^rieterocydoalkyl, CrCaheteroaryl. C 4 -C ie heteroaralKyl or R,- 
X-; or in which two adjacent C atoms are substituted by -CO-b-CO- or -CO-NR 5 -CO-; or 
in which an aromatic or heteroaromatic ring and/or further alicydic rings which is [sic] 
unsubstituted or substituted by halogen. -CN. -NO a . RflR/RaSKCV, -COOM, - 
PO3M. -COO(M,),«. -SC^M,),* -P0 3 (Mt) 1/2 , C-C^alkyl, Ct-C^haloalkyl. 
Ci-Cjchydroxyalkyl. C^cyanoalkyl. C 3 -C a cydoalkyl, C«-C, 6 aryl, CrC 16 aralkyl. 
C 3 -C«heterocydoalkyl. (VCaheteroaryl, C 4 -C lfl heteroaralkyi or R 13 -X r are optionally 
fused onto adjacent carbon atoms of the alicydic ring; 
X and X, independently of one another are -0-.-S-, -CO-. -SO-. -SO r . -O-C(O)-. -C(0)-0-. 
-C(0)-NR s -. -NR t<r C(0)-. -SOj-O- or -0-SO r ; 

Ri. R 2 and R 3 independently of one another are C^Ctjalkyl. C t -C 12 perfluoroalkyl, phenyl or 
benzyl; 

R4 and R 13 independently are d-Caoalkyl. CrCjohaloalkyl. Ct-Cjohydroxyalkyl. 

C 3 -C 8 cyctoalkyl, C«-C 16 aryl or CrC 16 aralkyl; 
R s and R 10 independently of one another are hydrogen. C,-C 12 alkyl. phenyl or benzyl, where 

the alky* groups in turn are unsubstituted or substituted by C,-C 12 alkoxy or 

C 3 -C 8 cydoaJkyl; 

Re. R7 and R a independently of one another are C r C 12 alkyl. d-C^perfluoroalkyl. phenyl or 
benzyl; 

M is an alkali metal and M, is an alkaline earth metal; and 
uisOor 1; 
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where the alicyciic ring formed with Q, optionally contains further non-aromatic double 
bonds; 

Q, is hydrogen. C-Cjoalkyl. C-C^haloalkyl. C r C„alkoxy. halogen. -CN or R,,^,; 
R„ is CrCoalkyl. C.^haloalkyl. C,-C w hydroxyalkyl. C 3 -C 9 cycloalkyl, C 8 -C„aryl or 
C 7 -C, 6 aralkyl; 

X, is -C(0)-0- or -C(0)-NR, r ; 

R„ is hydrogen. C,-C„alkyl. phenyl or benzyl; 

where the abovementioned cycloalkyl. heterocyctoalkyl. aryl. heteroaryl. aralkyl and 
heteroaralkyl groups are unsubstituted or substituted by C,-C 1s alkyl. C,-C„aJkoxy. -NO,. -CN 
or halogen, and where the heteroatoms of the abovementioned heterocycloalkyl. heteroaryl 
and heteroaralkyl groups are chosen from the group consisting of -O-. -S-. -NR,- and -N=; 
and 

R, is hydrogen, C,-C 12 alkyr. phenyl or benzyl. 

7. Compounds according to daim 6. characterized in that in formula II. Q, is hydrogen. 

8. Compounds according to claim 6. characterized in that, in formula II. the alicyciic ring 
which Q, forms together with the -CH=CQ r group contains 3 to 8 ring atoms, the ring being 
a monocyclic, bicydic. tricydic or tetracydic ring system. 

9. Compounds according to claim 6. characterized in that the radical of a strained cydooiefin 
corresponds to the formula II. in which 

Q, is a radical with at least one carbon atom which, together with the -CH=CQ,- group, 
forms a 3- to 20-membered alicyciic ring which optionally contains one or more 
heteroatoms chosen from the group consisting of silicon, oxygen, nitrogen and sulfur and 
which is unsubstituted or substituted by halogen. =0. -CN. -N0 Jt R,R,R,Si-(0) u -. -COOM. 
-SO,M. -P0 3 M. -COO(M,) i;3 . -S0 3 {M,),«. -P0 3 (M,),„. C t -C l2 alkyl. C,-C„haloalkyl. C,- 
C,jhydroxyalkyl. C,-C 4 cyanoalkyl. C 3 -C 9 cydoalkyl. C 6 -C l2 aryl. C 7 -C„aralkyl. C 3 - 
C 8 heterocycloalkyl. C 3 -C,,heteroaryl. C 4 -C, ? heteroaralkyl or R<-X-; or in which two 
adjacent C atoms in this radical Q, are substituted by -CO-O-CO- or -CO-NR s -CO-; or in 
which an aromatic or heteroaromatic ring and/or further alicyciic lings which are 
unsubstituted or substituted by halogen. -CN. -N0 2 . R tt R 7 R,Si-. -COOM. -S0 3 M. -P0 3 M. - 
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C 4 cyanoalkyl. C,-C s cyc»oalkyl. C 6 -C„aryl. C r C„aralkyl. C 3 -C s r*terocydoalkyl C r 
C„heteroaryl. C 4 -C„heteroaralkyl or R 13 -X,- are optionally fused onto adjacent clrbon 
atoms, 

X and X, independently of one another are ,0-, -S-, ;CO-. -SO-. -SO,-. w 0 -C<0)- -C(0)-0- 
•CfOJ-NRj-. .NR, 0 -C(OK -S0,-O- or -0-SOj-; and 

R,. Rj and R 3 independently of one another are C.-Calkyl. C,-C^rfluoroalkyl, phenyl or 
benzyl; 

M is an alkali metal and M, is an alkaline earth metal: 

R* and R, 3 independently of one another are C-C^lkyl. C,-C„hatoalkyl. C-C.^droxyaikyl. 

Cs-Cacycloalkyl. C,-C,jaryl or C,-C ia aralkyl; 
Rs and R 10 independently of one another are hydrogen, C,-C,alkyl. phenyl or benzyl, 
where the alkyl groups in turn are unsubstituted or substituted by C,-f^aikoxy or 

C 3 -C,cydoalkyl; 

R*. R 7 and R, independently of one another are C,-C,alkyf, C,-C a perfluoroalkyl. phenyl or 

benzyl; 
uisOorl; 

where the alicydic ring formed with Q, optionally contains further non-aromatic double 
bonds; 

Q, is hydrogen, ^-Calkyl, C-Chaloalkyl. C-C.alfcoxy. halogen, -CN or R„-X,-; 
R,. is C,-C„alkyl, C-Cjhaloalkyl, C^^hydroxyalkyl. C 3 -C,cydoalkyl. C.-C ia aryl or 

CrC^ralkyl; 
X 2 is -C<0)-0- or -CfOJ-NR,,; and 
R« is hydrogen, Ct-C»alkyl, phenyl or benzyl; 

and where the cydoalkyl. heterocycloalkyl, aryl. heteroaryl, aralkyl and heteroaralkyl groups 
are unsubstituted or substituted by C,-Calkyl, C,-C,alkoxy. -N0 2 . -CN or halogen, and 
where the heteroatoms of the heterocydoalkyl. heteroaryl and heteroaralkyl groups are 
chosen from the group consisting of -O-. -S-. -NR,- and -N=; and R, is hydrogen. C,-C«alkyl. 
phenyl or benzyl. 

10. Compounds according to claim 6. characterized in that the radical of a strained 
cydoolefin corresponds to the formula II. in which 

Q, is a radical with at least one carbon atom which, together with the -CH=CQ r group. 
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from the group consisting of silicon. ox>gen. nitrogen and sulfur and is unsubstituted or 
substituted by hstogen. -CN. -NO,. R,R,R 3 Sh -COOM. -SO,M. -PO,M. -COOM),*. - 
S0 3 (M,) w . -PO s (M,),.». C,-C,alkyl, C,-C,haloalkyl. C,-C,hydroxyalkyl, C,-C 4 cyanoalkyl, C 3 - 
Ccycloalkyl. phenyl, benzyl or R.-X-; or in which an aromatic or heteroaromatic ring ' 
which is unsubstituted or substituted by halogen, -CN, -NO,, R,R 7 R,Si-. -COOM,--S0 3 M. - 
P0 3 M, -COO(M,) ia . -SCMM,),*. -P0 3 (M,),«. C t -C 6 alkyl, C,-C,haloalkyl. C,-C,hydroxyalkyl. 
C^cyanoalkyl, C 3 -C,cydoalkyl. phenyl, benzyl or R, 3 -X,- is optionally fused onto 
adjacent carbon atoms: 

R„ R 2 and R 3 independently of one another are C,-C 4 alkyl. C,-C 4 perfluoroalkyl. phenyl or 
benzyl; 

M is an alkali metal and M, is an alkaline earth metal; 

R< and R 13 independently of one another are C,-C.alkyl, C,-C,haloalkyl, C^hydroxyalkyi or 
0,-Ccycloalkyl; 

X and X, independently of one another are -O-. -S-. -CO-. -SO- or -SO r ; 

R,. R 7 and R, independently of one another are C,-C 4 alkyl, C,-C 4 perfluoroalkyl. phenyl or 

benzyl; and 
Q 2 is hydrogen. 



11. Compounds according to claim 6. characterized in that the cydcctefin radical of the 
formula II is unsubstituted or substituted cyclopropenyl. cyctobutenyl. cydopentenyl, 
cydoheptenyl, cydooctenyl, cydopentadienyl, cydohexadienyl, cydoheptadienyl. 
cydooctadienyl and norbomenyi or norbomenyl derivatives. 

12. Compounds according to daim 6, characterized in that the cydoolefin radical of the 
formula II is a radical of the formula III 
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(HI), 



in which 

X 3 is -CHR-is-, oxygen or sulfur, 

R M and R 1S independently of one another are hydrogen, -CN, triflucromethyl. (CHj^Si-O-, 
(CH3) 3 Si- or -COOR 17 ; and 

Ris and R, 7 independently of one another are hydrogen, d-C ir alkyl, phenyl or benzyl; 
or of the formula IV 




(IV), 



in which 



X4 is -CHR 19 -. oxygen or sulfur 

R19 is hydrogen, C,-C 12 alkyl. phenyl or benzyl; and 

Ria is hydrogen, Chalky! or halogen. 
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formula II is norbomenyl of the formula 




14. Compounds according to claim 1, characterized in that, in formula I. n is an integer from 
2 to 6. 

15. Compounds according to claim 1. characterized in that, in formula I. n is an integer from 
2 to 4. 

16. Compounds according to da.m 1 . characterized in that in formula I. n is the number 2 or 
3. 

17. Compounds according to daim 1. characterized in that, in formula I. B is an n-vatent 
bridging group. 

18. Compounds according to daim 1. characterized in that the bridging group corresponds 
to the formula V 



-Xj-Rao-Xe- (V) 

in which 

X 5 and X« independently of one another are a direct bond. -O-, -CH 2 -0-. -C(0)0-. 

-0(0)C-. -CHrO(0)C.. -C(0)-NR 21 -. -R 2t N-(0)C-. -NH-C(0)-NR 21 -. -0-C<0)-NH-, 

-CH 2 -0-C(0)-NH- or -NH-C(0)-0- and 
R20 is C 2 -C, e alkylene, Cs-CsCydoalkytene which is unsubstituted or substituted by Ci-C 4 aJkyl 

or C 1 -C 4 alkoxy. Ce-C^ary! ne or Cj-Ci^aralkylene which are unsubstituted or substituted 

by C r C 4 alkyl or C,-C 4 alkcxy, or polyoxaalkylene having 2 to 12 oxaalkylene units and 2 

to 6 C atoms in the alkylen . and 
R21 is H or C,-C»alkyl. 



19. Compounds according to daim 18. characterized in that, in formula V. 
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b) X, and X, are -0-. .CH^. -0(0)0-. -0<0)C. -CH : -0(0)C-. -C(0)-NR : ,-. -0-C(0).NH- 
or -CH,-0-C(0)-NH-, and R* is C-Calkytene. phenylene. naphthylene or benzytene which 
are unsubstituted or substituted by C,-C 4 alkyl or C,-C.alKoxy. or -R^O-R^-OR,.., jn 
which x is a number from 2 to 4. and R a is -C a -C 4 alkylene. 

20. Compounds according to claim 18. characterized in that they are selected from the 
following group of compounds 



(1). 



8t . 




CH 2 CH 2 CH 2 CH 2 ^dk^v < 2 )» 



^^>~CH 2 CH a CH 2 CH 2 CH2CH 2 CH2CH2 ^ 



^^>- CH2CH2CH2CH2CH2CH2CH2CH2CH2CH2CHJCH2 ^ 

^^CH 2 CH(CH3)--^^ (U 

^)-CH 2 CH 2 < 8 >- 

y— CH ; CHXH 2 CH 2 ^ (10) * 

,£^^>- CH 2 OC(0)NHCH 3 CH2CH2CH 2 CH < ,CH ? NH{0)COH2C —^^^ ^ 1) ' 
^k^-C(OjNHCH2CH 2 CH 2 CH,NH(0)C— ^ 
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CH 2 C 



(13). 



OCH 2 CH 2 OH 2 C — T^O> (14, » 



CHjOiOjC-Cg^-CIO^C 7^^> (15) * 



CH 2 i 



0-C(0)-NH 




(16) a»d 



CHp<:{0)-NH ' 1 

^N>^-NH-C(0)-OH 2 C -T^k^ 



(17> 



21. Compounds according to claim 1. characterized in that the bridging group corresponds 
to the formula VI 

I 



in which 

X,. X, and X 7 are -O-. -CH 2 -0-. -C(0)0. -0(0)C-. -CH 2 -0(0)C-. -C(0)-NR 2t -. -R 2 ,N-<0)C-. 
-NH-C(0)-NR 2t -. -0-C(0)-NH-. -CH 2 -0-C(0)-NH- or -NH-C(0)-0-. and 
R a is a trivalent aliphatic hydrocarbon radical having 3 to 20 C atoms, a trivalent 
cycloaliphatic radical which has 3 to 8 ring C atoms and is unsubstituted or substituted by 
C,-C 4 alkyl or C,-C 4 alko:ry. or a trivalent aromatic radical which has 6 to 18 C atoms and is 
unsubstituted or substituted by C,-C 4 alkyl or C,-C 4 alkoxy. a trivalent araliphatic radical which 
has 7 to 19 C atoms and is unsubstituted or substituted by C t -C 4 alkyl or C,-C 4 alkoxy. or a 
tnvalent heteroaromatic radical which has 3 to 13 C atoms and 1 to 3 heteroatoms from the 
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group cons.st.ng 0 f -O, -N- and -S- and ,s unsubsntuted or subsftuted by C,-C 4 alkyl or 
C,-C,alkoxy. and R ; , is H or C,-C,alkyl 

22. Compounds according to da,m 21. characterized in that X* X, and X. are -0--CH -O- 
-C<0)0, -O(0)C, -CH ; -0(0)C, -C(0)-NR ; ., -CH : -0-C(0)-NH- or -0-C<0)-NH-. 

23. Compounds according to daim 21. characterized in that the radica»s R a are derived from 
triols: cyanuric add: triamines: tricarboxylic acids or triisocyanates. 



24. Compounds according to daim 21. characterized in that they are chosen from the 
following group of compounds 
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25 Compounds accord.ng to cla.m 1. characterized .n that the bndg.ng group corresponds 
to the formula VII 



X5 ~?" Xr - cm. 



in which 

X5. X,. X r a.id X, are -C(0)0-. -CH r O(0)C- or -C(0)-NR : ,- and 
Ri« is a tetravalent aliphatic hydrocarbon radical having 4 to 20 C atoms, a tetravalent 
cycloaliphatic radical which has 4 to 8 ring C atoms and is unsubstrtuted or substituted by 
C,-C 4 alkyl or C.-C 4 alkoxy. or a tetravalent aromatic radical which has 6 to 18 C atoms and is 
unsubstrtuted or substituted by C,-C 4 alkyl or C,-C 4 aikoxy. a tetravalent araliphatic radical 
which has 7 to 19 C atoms and is unsubstrtuted or substituted by C,-C 4 alkyl or C,-C 4 afcoxy. 
or a tetravalent heteroaromatic radical which has 3 to 13 C atoms and 1 to three 
heteroatoms. from the group consisting of -O-. -N- and -S- and is unsubstrtuted or 
substituted by C,-C 4 alky1 or C 1 -C 4 alkoxy. and R„ is H or C,-C,alkyt 

26. Compounds according to claim 25. characterized in that the radicals R„ are derived from 
- pentaerythritoi. pyromellitic acid and SAS'^-tophenyttetracarboxylic acid 

27 Compounds according to claim 25. characterized sn that they are 
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CMO)C 



QO)-0-HjC - C - CH2-0(0)C 

2 \ 

0<0)C 



CHjCXOJC 



CHaCHO)C 




qOJO-HaC 



0)OHjC 



(23) or 



(24) 



28. Compounds according to daim 1. characterized in that the compounds of the formula I 
contain only carbon and r .drogen atoms. 

29. Composition of (a) a: east one compound of the formula I 



(A -3 



(I) 



in which A is the radical c' a strained cydootefin. B is a direct bond or an n-valent bridging 
group and n is an integer Tom 2 to 8. and 

(b) a catalytic amount of at least one one-component catalyst for metathesis polymerization 
which can be activated Cv heat or radiation. 

with the exception of ncromenecarboxylic acid norbenenemethyl ester of the formula 



in combination with a catalytic amount of at least one heat-stable molybdenum(Vl) or 
tungsten(VI) compouna *mch contains, bonded to the metal, at least two methyl groups or 
two monosubstrtuted metnyl groups, the substituent containing no hydrogen atom in the a 
position 
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30. Composition according to claim 29. characterized in that it comprises, as the one- 
component catalyst, a heat-stable ruthenium or osmium compound which contains at least 
one photolabile ligand bonded to the ruthenium or osmium atom, and whose remaining 
coordination sites are satisfied with non-photolabile ligands 

31. Composition according to claim 33. characterized in that the ruthenium and osmium 
compounds correspond to the formula X 



in which L, is a photolabile ligand and L, is a non-photolabile ligand. Me is Ru or Os. Y, is a 
non-coordinating anion and x is the numbers 1 . 2 o- 3. 

32. Composition according to datm 29, characterized in that the one-component catalyst is a 
molybdenum(VI) or tungsten(VI) compound which contains at least two methyl groups or two 
monosubstituted methyl groups bonded to the metal, the substituent containing no hydrogen 
atom in the o position. 

33. Composition according to claim 32, characterized in that the optionally monosubstituted 
methyi groups, bonded to the metal, correspond to the formula XI 

-CHj-R (XI). 

in which R is H, -CF,, -SiR^R^Ra. -CR^R^R^. C«-C, e aryl which is unsubstituted or 
substituted by C,-C s alkyl or C,-C 9 alkoxy or C«-C 1s heteroaryl having 1 to 3 heteroatoms from 
the group consisting of O, S and N; 

R M . R» and R*, ind pendently of one anoth r are C,-C t alkyl. C 5 - or C s cyc!oalkyl or phenyl or 
benzyl which are unsubstituted or substituted by C,-C,alkyl or C,-C»alkoxy: and 
R«i. R« and Ro ind pendently of one another are C,-C l0 alkyl. which is unsubstituted or 
substituted by C,-C 10 aikoxy. or R,, and R, 2 have this meaning and R 4J is C s -C 10 aryl or 
CrCoheteroaryl. which is unsubstituted jr substituted by C,-C s alkyl or C,-C»alkoxy. 
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34. Composition according to claim 29. characterized in that the one-component catalyst is a 
heat-stable titanium(IV). niobium(V). tantalum(V). molybdenum(VI) or tungsten(VI) 
compound in which a silylmethyl group and at least one halogen are bonded to the metal. 

35. Composition according to claim 34. characterized in that the silyimethy' group 
corresponds to the formula XIV 

-CHj-SiR^R* (XIV). 

in which 

R». R39 and Rto independently of one another are CrC-alkyl, C 5 - or C,cydoaJkyl. or phenyl 
or benzyl which are unsubstituted or substituted by C,-C,alkyl or C,-C«alkoxy. 

36. Composition according to claim 29. characterized in that the one-component catalyst is a 
niobiumfV) or tantalumfV) compound which contains at least two methyl groups or two 
monosubstituted methyl groups bonded to the metal, the substituent containing no hydrogen 
atom in the a position. 

37. Composition according to daim 36. characterized in that the optionally monosubstituted 
methyl groups correspond to the formula XI 

-CH a -R (XI) 

in which in which [sic] R is H. -CF 3 . -SiRj.Rj.R*,. -CR 4 ,R4 2 R«. CB-C 1B aryl which is 
unsubstituted or substituted by C,-C„alkyl or C,-C«alkoxy or C 4 -Ci S heteroaryi which has 1 to 
3 heteroatoms from the group consisting of O. S and N; 

R M , R M and independently of on another are C,-C„alkyl, C } - or Ccycloalkyl or phenyl 
or benzyl which are unsubstituted or substituted by C,-C,aikyl or C,-C,alkoxy. and 
R«i. R4J and independently of one another are C-Coalkyl. which is unsubstituted or 
substituted by C,-C 10 alkoxy. or R 41 and R43 have this meaning and R« 3 is C 5 -C,oaryl or 
C 4 -C9heteroaryl. which is unsubstituted or substituted by C,-C,alkyl or C,-C,alkoxy. 
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38. Composition according to claim 29. characterized in that the one-component catalyst is a 
titanium(IV) compound which contains at least two methyl groups or two monosubstHuted 
methyl groups bonded to the metal, the substituent containing no hydrogen atom in the a 
position. 

39. Composition according to claim 38, characterized in that the optionally monosubstHuted 
methyl groups correspond to the formula XI 



in which in which (sic] R is H, -CF S . SIR^R^JR^,, -CR^R^R^. C,-C„aryl which is 
unsubstituted or substituted by C,-C«alkyl or C,-C,alkoxy or C 4 -C, 5 heteroaryl which has 1 to 
3 heteroatoms from the group consisting of O. S and N; 

R*. Ra, and R*, independently of one another are C,-C iz alkyl. C 5 - or C^ydoalkyl or phenyl 
or benzyl which are unsubstituted or substituted by C,-C»alkyl or C,-C,alkoxy, and 
R,,, R«j and Ro independently of one another are C-Coalkyl. which is unsubstituted or 
substituted by C,-C 10 alkoxy. or R,, and Re have this meaning and Ro is C,-C 10 aryl or 
C«-(Vieteroaryl, which is unsubstituted or substituted by C,-C»alkyl or C,-C«alkoxy. 

40. Composition according to daim 29. characterized in that the one-component catalyst to a . 
ruthenium or osmium compound which contains at least one phosphine group, at least one 
photolabile ligand, and optionally neutral ligands bonded to the metal atom, a total of 2 to 5 
ligands being bonded, and which contains acid anions for charge balancing. 

41. Composition according to claim 40. characterized in that the phosphine ligands 
correspond to the formulae XXIII or XXIIIa. 



-CH,-R 



(XI) 



PRwRkRm 



(XXIII). 



(XXIIIa). 



in which R„. R^ and R» independently of one another are H. C,-C»alkyl. C 4 -C, 3 cydoalkyl 
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C,-C„aryl which is unsubstituted or substituted by C,-C 4 alkyl. C r C 8 haloalkyl or C,-C,alkoxy, 
or CrC ie aralkyl which is unsubstituted or substituted by C,-C 6 alkyl. C,-C,ha'oalkyl 0 r 
C-Cealkoxy; the radicals R», and R M together are tetra- or pentamethylene, which is 
unsubstituted or substituted by C,-C,alkyl, C,-C e haloalkyl or C r C,alkoxy. or tetra- or 
pentamethylene. which is unsubstituted or substituted by C,-C,alkyl. C,-C,haloalkyl or 
CfCalkoxy and fused with 1 or 2 1.C phenylene, and R„ has the meaning given above; and 
Z, is linear or branched C 2 -C 12 alkylene which is unsubstituted or substituted by C,-C«alkoxy, 
1,2- or 1.3-cydoaikytene which has 4 to 8 C atoms and is unsubstituted or substituted by 
C,-C«Blkyl or C,-C 4 alkoxy. or 1 .2 or 1 .3-heterocycloalkyiene which has 5 or 6 ring members 
and one heteroatom from the group consisting of O or N and is unsubstituted or substituted 
by C,-C 4 alkyl or C,-C 4 alkoxy. 

42. Composition according to daim 29, characterized in that the one-component catalyst is a 
divatent-cationic ruthenium or osmium compound with a metal atom to which are bonded, 1 
to 3 tertiary phosphine ligands with, in the case of the ruthenium compounds, sterically 
exacting substituents. optionally non-photolabile neutral ligands and anions for charge 
balancing, with the proviso that, in ruthenium (trtsphenylphosphine) dihaBdes or hydride- 
halides, the phenyl groups are substituted by C,-C«alkyl, C-C.haloalkyl or C,-C ia alkoxy. 

43. Composition according to daim 42, characterized in that the phosphine ligands 
correspond to the formulae XXIII or XXIIIa 

PR,,R«R„ < xxm >- 

R^P-Z^R* (XXIIIa). 

in which R,,. R* and R« independently of one another are H. C-C^alkyl. C 4 -C„cydoalkyl 
which is unsubstituted or substituted by C,-C,alkyl. C,-C,haloalkyl or C,-C,alkoxy. or 
C,-C 19 aryl which is unsubstituted or substituted by C,-C,alkyl. C,-C 8 haloalkyl or C-^aikoxy, 
or CrC,«aralkyl which is unsubstituted or substituted by C,-C 8 alkyl. C,-C,haloalkyl or 
C-Calkoxy; the radicals R,, and R„ together are tetra- or pentamethylene. which is 
unsubstituted or substituted by C,-C,alkyl. C,-C.haloalkyl or C,-C 8 alkoxy. or t tra- or 
,,-,_^„i P ^ W h!r.h is ynsybstitutsd or substituted by C,-C 9 alkyl. C,-C 8 haloalkyl or 
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Z, is linear or branched C 2 -C„alkylene which is unsubstituted or substituted by C,-C 4 aikoxy, 
1 .2- or 1 .3-cydoalkytene which has 4 to 8 C atoms and is unsubstituted or substituted by 
C,-C 4 alkyl or C,-C 4 alkoxy. or 1.2 or 1 .3-heterocydoalkytene which has 5 or 6 ring members 
and one heteroatom from the group consisting of O or N and is unsubstituted or substituted 
by C,-C 4 alkyl or C,-C 4 aikoxy. 

44. Composition according to claim 29, characterized in that the one-component catalyst is 
present in an amount of from 0.001 to 20 mol%, based on the amount of the monomer. 

45. Process for the preparation of crosslinked polymers by metathesis polymerization, 
characterized in that a composition of 

(a) at least one compound of the formula I 

(A)„-B (I) 

in which A is the radical of a strained cydooteftn. B is a direct bond or an n-valent bridging 
group and n is an integer from 2 to 8. and 

(b) a catalytic amount of at least one one-component catalyst for a metathesis 
polymerization which can be activated by heat or radiation, 

with the exception of nort)omenecarboxyiic acid norbornenemethyl ester of the formula 

in combination with a catalytic amount of at least one heat-stable molybdenum(Vt) or 
tungsten(Vt) compound which contains at least two methyl groups or two monosubstKuted 
methyl groups bonded to the metal, th substituent containing no hydrogen atom in the a 
position, 

(c) is subjected to polymerization by heating, 

(d) is subjected to polymerization by irradiation. 

(e) is subj cted to polymerization by heating and irradiation, 

(0 the one-component catalyst is activated by brief heating and the polymerization is nded 
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(g) the one-component catalyst is activated by brief irradiation and the polymerization is 
ended by heating. 

46. Process according to claim 65 [sic], characterized in that it is carried out at a 
temperature of 20 to 300"C. 

47. Crosslinked metathesis polymers of at least one compound of the formula I 

(A)„-B (I) 
in which A is the radical of a strained cydoolefin, B is a direct bond or an n-valent bridging 
group and n is an integer from 2 to 8. and if appropriate other monomers capable of 
metathesis polymerization, with the exception of nc^tornenecarbosytic acid 
norbomenemethyl ester. 

48. Coated carrier material, characterized in that a layer of a composition according to dai 
29 is applied to a substrate. 



49. Coated substrate with a cured layer of a composition according to daim 



THIS PAGE BLANK tusno) 



